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Preface 


Studies in Mathematics Education, Volume 2 is published in the Unesco 
series ‘The Teaching of Basic Sciences’, a series which also includes New 
Trends in Mathematics Teaching, (volumes I to IV, published in 1966, 
1970, 1972 and 1978). The first volume of Studies in Mathematics 
Education was published in 1980. It is a collection of seven articles 
which describe developments in mathematics as a part of general 
secondary education in the schools of Hungary, Indonesia, Japan, the 
Philippines, the Union of Soviet Socialist Republics, the United King- 
dom and the United Republic of Tanzania. 


Significant reforms have been introduced in the teaching of math- 
ematics since the 1960s, largely reflecting some of the changes in math- 
ematics itself. Since these reforms, school populations have altered. A 
much wider spectrum of the population is now receiving instruction in 
mathematics. Mathematics programmes developed earlier are now being 
taught to this more diverse group of students. And, in many instances, 
these programmes do not seem to take into account the background 
and needs of the student population. 


Another change is that mathematics has permeated society. Not only 
are there new professional users of mathematics, but the ordinary 
citizen is expected to understand more aspects of mathematics in his 
daily life. Thus the question: does the teaching of mathematics corre- 
spond to the needs of the majority of pupils and the society? 


In search of an answer to this question, Unesco undertook a review 
of the goals of mathematics teaching, especially at school level, leading 
to guidelines for the design of future mathematics programmes. Studies 
were commissioned, and a meeting in May 1980 was convened in an 
attempt to answer the question. Studies in Mathematics Education 
Volume 2 is the result of these actions. : 


This volume includes chapters of three types: descriptions of goals 
reflecting some need of society; case studies of national goal 


n -setting; 
and a summary of the meeting on goals for mathematics educati ii 


on. 


In the first group, the papers examine goals as a reflection of the 
needs of society, in particular the needs for commerce, industry, 
agriculture and research, and, at the same time, the needs of the learner, 
assuming that the mathematics is taught as part of general education. 


The national case studies examine strategies of goal assessment, 
and compare the intended, implemented and realized curriculum. It is 
here that the reader can find examples of national goals for mathe- 
matics teaching. 


The discussions of the meeting have been summarized in the final 
chapter of the volume. The publication is intended to contribute to the 
design of future mathematics programmes. It is aimed primarily at 
mathematics educators and policy makers concerned with mathematics 
education. 


This volume, as was the case with its predecessor, was edited by 
Robert Morris, formerly Director of the Schools Council Continuing 
Mathematics Project at the University of Sussex. 


It is hoped that this volume will constitute a valuable contribution to 
the literature in the field. Unesco wishes to express its appreciation 
to Robert Morris and the various contributors to this second Studies in 
Mathematics Education. The views expressed are of course those of the 
authors. They do not necessarily represent any position on the part of 
Unesco or of the editor. 
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Introduction 


If the sixties were the years of fermentation in mathematics education, 
the seventies have been years of maturing thought in many countries 
about the suitability of the modernized curriculum. Some heart-searching 
has tempered the enthusiasm of the reformers. Some doubts have been 
voiced by lay people. Some users of mathematics have complained 
about waning skills. Concerns have touched on questions of content, 
questions of teaching method, questions of scope and questions of 
relevance. With this, it seemed to Unesco to be timely to take stock of 
evolving opinion, and, to review, in particular, the question which is at 
the heart of the curriculum — the question of goals. 


This second volume of Studies in Mathematical Education is 
exclusively devoted to a discussion of goals. Its chapters have served 
two purposes: first, the purpose most evident to the reader — to 
comprise this book; second, a previous purpose — to provide back- 
ground for those who took part in the Meeting of Experts on Goals for 
Mathematics Education: Mathematics Teaching and the Needs of 
Society in May, an account of which furnishes the material of the final 
chapter. 


Goals have to take account of many needs: those of society in its 
urban, rural and suburban forms; those of the teacher; those of the 
learner; those, certainly, of the discipline itself. The various contributors 
have severally addressed themselves to these needs, and to the con- 
sequences for curricular emphasis. Other contributors have illuminated 
the processes whereby goals and objectives are formulated and then 
find their reflection in teaching materials. The collective result is a rich 
concoction of considerations and conclusions which evoke the prospect 
of an exciting decade of new endeavour in the unending effort to 
enrich the effectiveness of mathematical education. 


The first chapter is perhaps the hardest. It is a penetrating insight 
into the ‘purposes’ and the ‘objectives’ of mathematical education, 
Each category is sub-divided, so that a four-fold relationship is seen to 
exist between the types of goals which characterize a typical curriculum, 


ix 


The author then tests his analysis against twentieth century trends in 
the United States of America, the United Kingdom and in pre-war 
Germany. 

The second chapter adopts the view-point of the learner, and makes 
the point that the mastery of a particular concept is a matter of 
progressing through a number of ‘levels of understanding’. It describes 
research aimed at determinating these ‘levels’, the consequential 
discovery of a wide range of understanding in each age group in the 
secondary stage and of little difference in this range from year to year, 
a situation which only slowly improves with time, and which calls in 
question the conventional beliefs about teaching and learning. 


The third chapter complements the first. Its thesis is that education 
for rural development implies an integration of school with the rural 
community. The implications for the mathematical component of the 
curriculum are then examined. Five categories of goals are found: 
social, technical, personal, cultural and aesthetic. 


Chapters 4 and 5 make an interesting pair of contrasting contributions 
on the theme of mathematics for the world of work. Chapter 4, in 
particular, brings out the consequences for school leavers of the inade- 
quacies of their teachers, notably the errors which many primary 
teachers perpetuate, and the inability of many secondary teachers to 
perceive the root cause of a learner’s difficulty. 


It is argued in Chapter 6, that the commonly assumed dichotomy 
between ‘mathematics for mathematicians’ and ‘mathematics for 
non-mathematicians’ is a false one, and that belief in its existence 1S 
dangerous and conducive to the continuity of bad teaching. Future 
professionals and future users both need good mathematics, the key to 
which is time: time to wrestle with problems, time to go up blind 
alleys, time to evolve a solution, not necessarily the solution. 


Chapter 7, in reviewing the reforms of the last two decades, paves the 
way for Chapter 8, which describes an interesting attempt to find 4 
consensus on the way forward into the eighties by polling a sample © 
interested parties on their preferences for emphasis in school mathe- 
matics. 


; a 
The ninth chapter is revealing of what can be accomplished oe. 
regional basis, given co-operation, goodwill and some Unesco assistan 


The penultimate chapter is salutary. It is a telling reminder of sie 
fact that the intended goals of mathematics education can sometim 
suffer unintended dilution and distortion at the hands of second an 
third parties to the teaching and learning process. 


Mogens Niss 


Goals as a Reflection of the 
Needs of Society 


Introduction 


Everything said in this contribution lies in the delicate and controversial 
twilight zone between mathematics, perceived as a subject, and 
education, regarded as a social phenomenon. It is difficult to manoeuvre 
in this zone. Mathematicians, mathematics educators and mathematics 
educationalists often feel a certain uneasiness about the political and 
idealogical facets with which social matters are inevitably associated, 
Or they feel inadequately qualified in social science. On the other hand, 
generalists in education only very seldom possess a sufficient knowledge 
of mathematics and mathematics teaching to consider satisfactorily all 
aspects of the complex of mathematics education. The author — a 
mathematician, a mathematics educator and a mathematics edu- 
cationalist, risking his reputation by transgressing the preserves of 
mathematics and entering into considerations which derive from society 


— is not above the difficulty. 


In fact, the problem of reconciling the conflicting claims is even 
worse than it seems at first sight to be. Having a rather general scope, 
this contribution ought to be of relevance to the situations in a multi- 
tude of countries, whether in the first, the second or the third world, 
with their different social, economic and political backgrounds, and 
including their highly centralized or their highly decentralized 
organizational systems as may be. Such a scope is in itself highly 
ambitious. It is difficult to do justice to. The author accordingly wishes 
to apologize for having been unable to emancipate his considerations 
altogether from the limited horizon induced by his specific national 
perspectives. 


Issues of mathematics education can be considered under two 
different perspectives: an analytic perspective and a normative 
perspective. Considerations made under an analytic perspective concen- 
trate on dissecting the existing state of affairs: identifying its 
fundamental components and determinants, the causal connections 
within it and the sources of influence upon it, etc. When considerations 
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are made under a normative perspective, ideas, principles and 
suggestions, or whatever, are put forward and advocated, sometimes, 
perhaps, against a background of analytic considerations. 


The present paper is primarily an analytical one. Normative con- 
siderations are based on values, including socio-political values. So, it 
would probably be futile to put forward such suggestions or imperatives 
for the goals of mathematics education in a publication of world-wide 
distribution. This does not mean that this paper claims to be neutral in 
the matter of values. Values lie at the very core of these matters. They 
influence analytic considerations also. It is, however, thought that a 
paper which is concerned with understanding general external factors 
of importance to the role and position of mathematics education will 


be more relevant in an international context than concrete proposals 
would be. 


This article is mainly concerned with the mathematics education of 
those pupils and students (all henceforth termed ‘students’), of 6 to 19 
years of age, who progress through the official school system. It will 
not pay much attention to the very specialized courses of mathematics 
education designed for a narrow and selected clientele in specific 
institutions outside or on the fringes of the general school system. 


Methodological Difficulties 


When analysing the goals of mathematics education as a reflection of 
the needs of a given society, one is faced with the principal and practical 
problem of detecting and identifying (and documenting) the actual 
impact on mathematics education of social needs. Only seldom has 
‘society’ articulated its general interests and motives directly and 
publicly. Most often, official and semi-official statements are confined 
to dealing, at a rather low level of generality, with the specific objectives 
of mathematical content, knowledge and skills. These, often, are 
oriented primarily towards examination requirements. And, in such 
statements, the ultimate ends of mathematics education are presup- 
posed, or assumed to be irrelevant. Even if this were not the case, if 
‘society’ were to articulate its interests, by espousing the ultimate ends 
of mathematics education, we could not be sure that the publicly 
articulated interests and ‘the real, objective interests’ of society (and 
what these are is subject to discussion) would coincide. 

In this respect, the situation differs from society to society. In some 
societies, the fixing of general educational goals and curricula is 
strongly centralized and bears the stamp of political control. In other 
societies the planning is centralized, but the decisions are left to NON 
political professionals. In still other societies decisions on goals and 0? 
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consequent curricula are delegated to the local level, or, in the extreme, 
to the individual school, or even to the individual teacher. Combinations 
of these features (for instance, a centrally designed framework, with 
certain decisions on content left to the teachers) are also frequently 
encountered. 


The situation described implies that analyses of the reflection at issue 
are condemned to follow paths hidden partly in fog. Furthermore, it 
implies that conclusions deriving from these matters must necessarily 
be vague, unless they are to some extent advanced as postulates. To 
avoid obscuring the main lines of this paper too much by reservations 
and modifications, we have preferred postulates to vagueness. 


In any society where mathematics education is being given, there are 
intimate relations between mathematics education on the one hand and 
the political, ideological and economic interests of that society on the 
other. It might very well be that these relations are not the result of a 
well-defined set of conscious considerations, backed up by admini- 
strative decisions and initiatives. But this does not imply that the 
relations do not exist. In the context of this paper, it probably would 
not be a reasonable investment of effort to attempt to prove the 
existence of such relations. A proof would have to consider, in a very 
concrete way, the different societies covered by the assertion. So, we 
shall confine ourselves to emphasizing that, in any society, mathematics 
education in school is part of the total school system of that society. 
Hence mathematics education is bound to be subject to the interests of 
society as reflected in the school system, whether those interests imply 
that school is allowed relative autonomy, with only funds provided, or 
whether they imply that school is subject, to some degree or another, 
to central control. Instead, it seems more relevant to our theme and 
purpose to investigate a little further the possible shapes and charac- 
teristics which the relations in question can take and have actually 


taken. 

Since, in this connection, we are primarily interested in that subset 
of the total set of relations between mathematics education and society 
which influences the goals, objectives and purposes, it seems necessary 
to clarify the terms. 


Terminological Distinctions: 
Goals, Purposes and Objectives 


Throughout this paper we distinguish between two kinds of goals: ‘the 
purposes’ and ‘the objectives’. 


By the term ‘purposes’, we shall have in mind the motives and 
reasons for the mathematics education of a school system. These are 
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the expected gains which justify the existence of an education in 
mathematics. In other words, to set out ‘the purposes’ is to answer the 
question ‘why should mathematics education exist?’. 


By the term ‘objectives’, we shall have in mind those specific qualifi- 
cations (in terms of insight, knowledge, accomplishments, behaviour, 
attitudes, etc.) which the mathematics teaching is aiming to inculcate. 


The above distinction will assist analysis. It is only very seldom that, 
in official documents, in commentaries and in debates on the goals of 
mathematics education, such a distinction is made between the 
‘ultimate ends’ (or ‘purposes’) and the other kinds of ‘ends’. So, in 
discussion, it becomes difficult to separate the strata which, in our 
opinion, are distinct. This can give rise to confusion, not only of 
terminology (since the terms ‘goal’, ‘aim’, ‘purpose’ and ‘objective’ 
are often used indiscriminately), but also in matters of substance. It 
should, of course, be confessed that the distinction here made is neither 
founded on theory nor is it sharp. But this deficiency does not affect 
the substance of the distinction which has been drawn. The fact that 
official documents do not distinguish between ‘purposes’ and ‘objectives’ 
does not imply that the distinction cannot be made, as the examples 
which follow will make clear. 


Example l: One might assert: ‘It is a purpose of mathematics edu- 
cation to make it possible to utilize mathematical tools to contribute 
to technological and economic growth in society.’ If so, a corresponding 
objective might be: ‘It is an objective of mathematics education to train 
students to analyse human problems, to recast them in mathematical 
terms, to solve the resulting mathematical problems, and to re-interpret 
the mathematical solutions in such a way as will provide intelligible 
answers to the original problem.’ 


Example 2 goes along a different line. One might assert: ‘It is 4 
purpose of mathematics education to contribute to developing, in the 
individual citizen, general mental capacities of use to his own life, such 
as: the ability to reason logically and to assess the logical reasoning ° 
others, imagination, inventiveness and aesthetic appreciation.’ To this 
purpose, a corresponding objective could be this: ‘It is an objective of 
mathematics education that students should acquire insight into the 
role, the nature and the construction of at least one axiomatic structure 
in mathematics.’ 


It is not, of course, possible to deduce the objectives of mathematics 
education from a declared purpose. The determination of the objectives 
depends on several factors. Of these, the most important are the leve 
(including the age level) of the students thought of, the character and 
the needs of the society in question, the organizational framew°™ 
within which mathematics education is provided, and the outlook upon 


4 


Goals as a Reflection of the Needs of Society 


mathematics and upon mathematics education which the curriculum 
planners collectively hold. For instance, corresponding to the ‘purpose’ 
of Example 1, quite different objectives could reasonably be adduced 
according to the level of the students involved or the needs of society. 
Here is one: ‘It is an objective of mathematics education to make 
students understand and accept that some practical problems are 
susceptible to mathematical treatment.’ Another might be: ‘It is an 
objective of mathematics education to train students to perform 
arithmetical operations quickly and accurately.’ 


As one moves from a ‘purpose’ towards an ‘objective’ some 
generality of statement and social involvement is lost. One becomes 
more prescriptive. This process continues as we proceed to the more 
specific objectives, the content, the means and the methods of mathe- 
matics teaching. But the ultimate interests of society in mathematics 
education are entrenched in ‘the purposes’. The objectives are the more 
detailed, precise and concrete specifications of the purposes to which 
they refer. In short, they are vehicles for the pursuit of purposes. What 
matters, when attempting to classify a goal as a purpose, is whether or 
not the goal is really a purpose as we have defined it to be. Whether, 
that is, it bears the stamp of being an ultimate end in its own right. The 
ambiguity which arises from the possibility of classifying certain goals 
either as purposes or as objectives (or both) is a source of obscurity in 
debates on mathematics education. 


Types of Purposes 


In most countries, mathematics has always been taught in some schools 
to some students. But very different (and sometimes, even, mutually 
incompatible) purposes are advanced to justify the existence of mathe- 
matics education. This phenomenon might seem to indicate that the 
existence of mathematics education is not, in fact, a function of the 
purposes. Or, it may be that ‘purposes’ are trivial, or that they have no 
more bearing upon mathematics education than the mottos of kings 
have had upon their actual reigns. But the role and character of 
mathematics education, its specific objectives, its content, the methods 
used and the students taught, are strongly influenced by the purposes, 
Moreover, it is of crucial importance, so far as the mathematics 
education of the masses of students is concerned, to identify, or, if 
need be, to establish the purposes. 


Until recently, purposes have not been advanced to justify the 
teaching of arithmetic. The usefulness of arithmetic has always been 
considered self-evident in every society. Such difficulties as arise with 
purposes are to be found in the mathematics which comes later, though 
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arithmetic teaching may not now be exempt from difficulties with 
the introduction and dissemination of pocket calculators. All in all, 
there seem to be good reasons for looking deeper into the purposes of 
mathematics education. 


There are essentially two main types of purposes of mathematics 
education. One type concerns the needs of society as a whole. These 
include the needs for social and economic development, the needs 
deriving from the political and administrative institutions of society, 
the needs of the general cultural activity and achievements of society 
and the needs deriving from values and ideology. These needs, whatever 
they are, may not be agreed upon, but what matters is that the decision- 
makers, who outline the framework of mathematics education, should 
have these needs and priorities in mind, whatever their positions and 
backgrounds might be. 


The second type of purposes has regard for the needs of students as 
individuals. These are the needs which the decision-makers on mathe- 
matics education consider useful to the individual citizen in mastering 
his own social and private life. They may include the following: the 
need to comprehend and to judge phenomena, as well as statements 
made about them, which occur in the natural and social environment 
of man; the needs associated with action and creativity; the need for 
emotional and aesthetic experience; and the need for attractive SUT- 
roundings in one’s private life. 


The classification of purposes outlined above may be summarized as 
in the diagram opposite. 


We do not claim that the above classification covers all of the 
purposes of mathematics education. We have, however, found that 
many of the goals usually put forward are based Pari one or both, of the 
two types identified above. Later in this paper, we shall examine more 
closely a representative selection of goals and purposes to be found in 
literature on mathematics education. Meanwhile, it is perhaps relevant 
to remark that the two types of purposes are not necessarily indepen” 
dent. It will often be the case that the purpose of meeting an individua 
need is perfectly compatible with a purpose of meeting a societal need. 
For example, the purpose of providing society with well-qualified an 
highly specialized labour corresponds often with the purpose © 
providing attractive living conditions. Conversely, however, it mig 
happen that differences of interests within a system can lead to incom- 
patible or even contradictory purposes. It might also happen tha 
different levels in the system (for instance, central curriculum planners 
on the one hand and teachers on the other) will emphasize different 
purposes. 


Goals as a Reflection of the Needs of Society 


Examples of such needs 


Purposes deriving (a) needs for social and economic 
from the development; 
(b) needs of the political and ad- 
1 NEEDS OF SOCIETY ministrative government of 
AS A WHOLE society; 


(c) needs for general cultural 
activity and achievements; 
(d) needs of values and ideology. 


Purposes deriving (a) needs to comprehend and judge | 
from the phenomena, as well as state- 
ments about them, which occur 
2 NEEDS OF in the natural and social environ- 
INDIVIDUALS IN ment of man; 
MASTERING THEIR | (b) needs of active and critical 
OWN LIVES participation in the democratic 
process; 


(c) needs of action and creativity; 

(d) needs for emotional and 
aesthetical experiences; 

(e) needs for pleasant surroundings 
to one’s private life. 


Figure 1 


Pursuit of Purposes 


From time to time, the teaching of mathematics becomes the subject 
of intense debate, not only among the pundits, but also among those in 
the community at large. Why is this so? Why haven’t the issues been 
settled long ago? There would appear to be two main reasons. In the 
first place, as has been said, the purposes of mathematics education 
have always been rather obscure and more implicit than explicit. 
Secondly, even when purposes are established, there is no firm 
foundation, in terms of reliable knowledge, on the basis of which it can 
be judged if this way of organizing mathematics education or that will 
secure the purposes. This leaves us with some rather important questions 
unanswered. Here is such a question: ‘On what grounds can we claim 
that mathematics will so sharpen the intellectual capacities of students 
as to render them capable of dealing effecitvely with situations outside 
mathematics?’ Here is another: ‘Where do we find evidence for the 
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assertion that teaching mathematics (as distinct from teaching arith- 
metic and some very elementary mathematics) to masses of students is 
necessary for the economic development of society? Wouldn’t it be 
more reasonable to concentrate available resources upon those students 
who will need mathematics in order to pursue their future professions?’ 


The situation would seem to suggest that, whatever view one holds 
on the importance of education in mathematics, that view must be 
founded to some extent upon very general, ‘transcendental’ consider- 
ations, assumptions and beliefs. As to those purposes which derive from 
the needs of social and economic development, the problem is of 4 
twofold nature. First of all, the role and function of mathematics as 
such in social and economic development are far from well illuminated. 
The involvement is complicated. Its effect, most often, is the result of 
‘action at a distance’ (in space and time). So it is not surprising that it 
has been difficult to determine the mathematical qualifications citizens 
require to participate in the processes of social and economic develop- 
ment. The uncertainties have presented curriculum planners with 
substantial problems which have led to the adoption of two contrasting 
strategies for meeting the needs at issue. 


Strategy I may be phrased as follows. There are strong reasons to 
believe that a general competence in mathematics is of vital importance 
to the development of any society quite apart from the presence of 4 
high level of mathematical competence among various categories © 
citizens. However, only very little of substance is known about the 
channels and paths of influence of mathematics on society. So, instead 
of founding our strategy for mathematics education on misleading, OF 
even erroneous, ideas, and risking the possibility of causing serious 
damage (with far-reaching consequences), we should let the experts, 
the mathematicians and the mathematics teachers, decide from purely 
mathematical and didactical considerations what ‘mathematics should 
be taught and how it should be taught. In short, the external restrictions 
placed on mathematics education should be as few as possible in order 
to set free the optimum of mathematical resources available in society- 


Strategy II can be phrased as follows. Even if it may very well be 
true that not very much is known about the ways in which mathe- 
matics influences society and its development, we cannot leave mathe- 
matics education exclusively to the mathematicians and the mathematics 
teachers. Many examples can be given which show that such a strategy 
tends to produce persons whose mathematical knowledge remains 
encapsulated from the problems of the real world, and persons who 
have serious difficulty in bringing their mathematical knowledge to beat 
upon the problems that occur in other sciences, in technology, in the 
economy, and so forth. Therefore, and because manpower and economic 
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resources are scarce, we have to formulate priorities and curriculum 
plans to fulfil them, plans which will ensure enough properly qualified 
students to further professional education. Within this strategy, the role 
of mathematicians and mathematics teachers is to fill the centrally 
fixed frames with specific content and teaching. The central 
examinations will ensure that the students meet the required standards. 


Objectives 


Although a distinction between ‘purposes’ and ‘objectives’ is normally 
not found in writings on mathematics education, there seems to be a 
tendency to concentrate upon those goals which, in our terminology, 
would be called ‘objectives’ rather than ‘purposes’. 


Another distinction is, however, frequently made. It is the division 
of the goals of mathematics education into two classes, the ‘utilitarian’ 
goals and the ‘formative’ goals. It seems that this distinction is not a 
very precise nor a very happy one to make. This is because the 
attributes ‘utilitarian’ and ‘formative’, as used in the debate, are far 
from being mutually exclusive. Goals, said to be utilitarian, are some- 
times of a formative character. And goals, referred to as formative, are 
often backed up by utilitarian reasons. With this in mind, we shall 
introduce a distinction between ‘formative objectives’ and ‘substance 
objectives’. 


By a ‘formative objective’ we mean any objective oriented towards 
influencing the student’s general personal characteristics and capacities. 
These would include his attitudes, his general mental capacities, his 
ability to perform certain general activities, etc. To these ends mathe- 
matics is merely a vehicle. The subject matter is not of itself important. 
The criterion for including a particular item is simply its capability 
of serving these formative aims. In principle, such formative objectives 
might be pursued using a subject other than mathematics as the vehicle. 
In the sense of its use here, the concept ‘formative’ carries its broadest 
meaning. It includes anything to do with developing a student’s general 
personal characteristics. 


By ‘substance objectives’ we mean any objective orientated towards 
providing a student with those competences for which mathematics as 
such is indispensable. The phrase ‘mathematics as such’ is not confined 
in its meaning to specific content or operations. It includes anything 
involving mathematical substance in one form or another. 
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We can now set out the relationship between purposes and objectives 


in this way: 


purposes purposes of purposes of 
type 1 type 2 
objectives (social) (individual) 
formative ‘Having the fulfilment | ‘Having the fulfilment 
objectives of the general social of the need Y of indi- 
need X as a purpose viduals as a purpose of 
of mathematics mathematics education, 
education, the the formative objective 
formative objective to develop in students 
to develop in students | the personal charac- 
the personal charac- teristic y is put as an 
teristic x is put as an | objective of mathe- 
objective of mathe- matics education.’ 
hi matics education.’ 

He = 
substance ‘Having the fulfilment | ‘Having the fulfilment 
objectives of the general social of the need W of indi- 

need Z as a purpose viduals as a purpose of 
of mathematics mathematics education, 
education, the the substance objective 
substance objective of developing in 

of developing in students the com- 
students the com- petence w involving 
petence z involving mathematics substance 
mathematics substance] is put as an objective 

is put as an objective | of mathematics 

of mathematics education.’ 

education, te a) 

Figure 2 
A given objective may serve both well 


as a type 2 (individual) pur 
instance, the formative objective 
capacity of performing abstraction 
social demand for a qualified lab 
changing society, should be able to 
(la, b of Figure 1), or to the need of 
attractive surroundings to their privat 
serve also a general ideological desire 
identify the core of important and 
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take positions on them (ld — and b — of Figure 1). Or it may serve 
the needs of students as individuals to participate actively and 
critically in democratic processes (2b of Figure 1). So, one and the 
same objective may be chosen with a view to serving simultaneously 
several purposes, even of different categories. Of course, this need 
not be the case. We can think of many objectives which serve only 
one purpose. 


There are implications of this for analyses of the impact of social 
needs on the goals of mathematics education. One is that it is 
difficult to detect from a mere indication of objectives, as set down 
in official documents or elsewhere, the ultimate social interests 
which the stated objectives serve. In this respect, one is tempted to 
put forward the hypothesis that the more compound, heterogeneous 
and complex the interests and the political organization of a given 
society are, the farther away from the surface and from the daylight 
are the purposes of mathematics education to be found. 


Elements in the Historical Development of Goals 


It seems to be an established fact that, in most countries, the post- 
elementary education in mathematics up to the beginning of the 
20th century had as its foremost goal the development of mental 
discipline. Geometry, in particular, was used to fulfil this task. 
Society needed people to occupy leading positions in politics, public 
administration, industry and science. For these, certain general 
mental capacities were desired. They included loyalty to given con- 
ditions, the ability to distinguish essentials from casual details, the 
capability of analysing situations, judgement, care, precision and 
diligence in work and an appreciation of the cultural and moral 
values of society. So, in this context, we are dealing with purposes 
of type 1. (See Figure 1 on page 7). But, of course, mental discipline 
was also to some extent considered useful to the individual in 
mastering his own life (purposes of type 2). The degree of emphasis 
on purposes of types 1 and 2 undoubtedly differed very much from 
country to country. As examples, Germany might, perhaps, be cited as 
one which favoured purposes of type 1, and England and Wales, those 
of type 2. 


Only a small minority of the population was educated in mathe- 
matics beyond the level of elementary arithmetic. The instruction 
given to the majority in elementary arithmetic aimed primarily at 
providing pupils with certain computational skills. These were 
deemed to be useful for them in their adolescent lives (purposes of 
type 2), as well as being demanded by society in general (purposes of 
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ith an increasing emphasis on the latter as industrial- 
pe Regi the instruction was aimed also at developing man 
discipline. It may be supposed that the purpose of this was iy ee 
the increasing demand for a careful, precise, diligent and loyal la 
force, particularly for the growing industry. 


The idea of mental discipline stemmed from faculty psychology. 
According to this, man possesses certain general, context-free ogee 
These, it is alleged, can be developed in any context and can be freely 
transferred to any other context. In accordance with these ideas, the 
purposes of post-elementary mathematics education, whether 


dominantly of type 1 or of type 2, were pursued via objectives of a 
formative character. 


Around the turn of the century, the changes in the sorioreeoponie 
and technological conditions of many countries, led by those O 
Western and Northern Europe and the United States of America, 
brought about manor changes in the educational needs of these 
countries. In mathematics education, this development let to an 
increasing emphasis on ‘the use’ of mathematics in society. In A racer A 
of Mathematics Education in the United States and Canada’ , De vi 
and Weaver characterize the mathematics for grades kindergarten to 
during the period 1894—1923 in the United States as follows: ‘. . - We 
teach mathematics because adults use mathematics in their DERM 
work requirements.’ In the same Yearbook, Osborne and Crosswhi 
refer to observations made on grades 7 to 12 around 1912—17 by or 
American committee under the International Congress of Mathe 
maticians. These were that utilitarian aims were becoming increasingly 
important, and that the concept of education as a formal discipline 4 
being questioned. 

The trends were simil 
the Promotion of Math 
zur Förderung des math 


ar in Germany. In 1915, the Association ai 
ematics and Science Instruction (‘Der ea 
ematischen und naturwissenschaftlichen Unt z 
richts’) arranged a prize competition on the question ‘What deman i 
should be made on the education of the German youth after the W&? 
and what can mathematics and science instruction contribute to t 


realization of these demands?? The first prize was awarded to Dr. Y- 

F ington 
j po Fa Yearbook of the National Council of Teachers of Mathematics. Washing 
DC, 0. 


References to: 
Part Two: “Forces and Issues Related to Curriculum and Instruction, 
M. Vere De Vault and J. Fred Weaver, p. 110; 
Part Three: “Forces and I 


í » py Alan 
ssues Related to Curriculum Instruction, 7—12”, bY 
R. Osborne and F. Joe Crosswhite, p. 183, 


-senschaft- 
Von W. Schmiedeberg et al. Die Bedeutung des mathematischen und naturwissere ur 
lichen Unterrichts fir die Erziehung unserer Jugend, Preisschriften des oe n2 
Förderung des mathematischen und naturwissenschaftlichen Unterrichts. Ver 
Salle, Berlin, 1917. 
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Schmiedeberg, master at ‘der Oberrealschule zu Bielefeld’. His con- 
tribution possess explicitness, thoroughness and clarity to a degree 
which is indeed rare. Schmiedeberg points to four general purposes of 
education in school: education for national defence; education for 
serious, diligent and conscientious labour; education for working in a 
community; and education for patriotism. He summarizes these 
purposes as follows: ‘We need strong people who can defend themselves, 
industrious people who can create economic greatness, loyal and 
patriotic people who will commit their power and labour consciously to 
national aims.? He goes on to say: ‘If we recall that the future of 
Germany depends on the maintenance and further development of 
work of quality, we realize that education conducive to absolute 
devotion to duty should remain our foremost educational aim for all 
kinds of schools.’ Various components in these purposes are put 
forward: ‘education for regularity and stability’, ‘subordination of the 
individual to the organism of work’, ‘preparation for adaptation and 
obedience’. The purpose of mathematics education should be to contri- 
bute to the fulfilment of these general purposes of education (the 
foremost means being the applications of mathematics). 


Even if Schmiedeberg’s views may seem today to be rather extreme, 
they were evidently approved by the Association. And we think it not 
unjustifiable to suppose that Schmiedeberg was expressing views which 
were generally held at that time, at least in Germany. 


Thus far, it would seem reasonable to claim that purposes of type 1 
held an explicit and dominant position during the first decades of the 
20th century, and that purposes of type 2 were less in evidence. In 
England, however, the situation was somewhat different. In 1901, John 
Perry, a professor of engineering science, maintained, in opposition to 
the mainstream of belief in England at that time, that the study of 
mathematics began because it was useful, continues because it is useful, 
and is valuable to the world because of the usefulness of its results.5 
He indicated eight ‘obvious forms of usefulness’ in the study of mathe- 
matics. They are often quoted in writings on mathematics education: 


‘(1) In producing the higher emotions and giving mental pleasure, 


(2) (a) In brain development. 
(b) In producing logical ways of thinking. 


(3) In the aid given by mathematical weapons in the study of 
physical science. 


w 


Ibid., p. 5, translation. 


> 


Ibid., p. 14, translation. 


Teaching Mathematics in Secondary School. Ministry of Education Pamphlet 26, Her 
Majesty’s Stationery Office, London, 1958. $ 
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(4) In passing examinations. 


(S) In giving men mental tools as easy to use as their legs and arms, 
enabling them to go on with their education (development of 
their souls and brains) throughout their lives, utilizing for this 
purpose all their experience. This is exactly analogous with the 
power to educate one’s self through the fondness of reading. 


(6) Perhaps included in (5): In teaching a man the importance 01 
thinking things out for himself and so delivering him from the 
present dreadful yoke of authority, and convincing him, that, 
whether he obeys or commands orders, he is one of the highest 
beings. 


(7) In making men in any profession of applied science feel that 
they know the principles on which it is founded and according 
to which it is being developed. 


(8) In giving to acute philosophical minds a logical counsel of 
perfection altogether charming and satisfying, and so preventing 
their attempting to develop any philosophical subject from the 
purely abstract point of view, because the absurdity of such an 
attempt has become obvious.’ 


These statements have often been interpreted as being in keeping 
with the general stream of social-utilitarianism of that period. However, 
on closer analysis®, this interpretation becomes doubtful. Most O 
Perry’s ‘forms of usefulness’ refer directly or indirectly to the ere 
and interests of the individual (type 2 purposes). The possible 
exceptions are (2) and (7). These could be considered as referring 
to some form of social utility (purposes of type 1). As to (3), we 4 
not able to tell whether it refers to purposes of types 1 or 2. 


As to the type of objectives which underlie Perry’s forms of useful- 


ness, we venture the conjecture that they are mainly formative m 
character. 


Although, in the case of Perry’s suggestions, we are essentially not 
dealing with purposes of type 1, the promotion of such purpose 
continued, in England, in the course of the first decades of the century: 
In 1919, a report of the Mathematical Association stated as follows: 


‘1. That a boy’s educational course at school should fit hum P 
citizenship in the broadest sense of that word: that, to this ps 
the moral, literary, scientific (including mathematical), phy! $0 
and aesthetic sides of his nature must be developed. That, ple 
far as Mathematics is concerned, his education should en@ 


6 Sean McNealis and Jas, A. Dunn, 
Technol., 1977, Vol. 8, 
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him not only to apply his mathematics to practical affairs, but 
also to have some appreciation of those greater problems of the 
world, the solution of which depends on Mathematics and 
Science. 


‘2. That the utilitarian aspect and application of mathematics 
should receive a due share of attention in the mathematical 
course.’ 


Thus, purposes of type 1 gained momentum, but purposes of type 2 
were still important: 


‘We assume that the majority of boys will not make any extensive 
or profound use of Mathematics in after-life, that they will not even 
be able to follow in detail the mathematical methods of engineering 
and applied science. But they can be so taught that a vista is opened 
up to them through which they may see the tremendous poten- 
tialities of the study whose elements they are mastering. A public 
must be created able to realise what Science and Mathematics are 
doing for the world, and to form some general conception of the 
means employed. The average man will not be more than a spectator 
of the world’s material progress; we have suggested that he should be 
an intelligent spectator. But the world needs an increasing number of 
workers trained in mathematics; there must be specialists. 


‘We do not hesitate to put the pleasure motive among the foremost.’ 


During the twenties and the thirties purposes of type 1 maintained 
and strengthened their central, and somewhere dominant, position in 
the industrialized world. Due to the stagnation and recession of 
industrial and general socio-economic development connected with the 
world crisis of the early thirties, there was, however, no large-scale 
qualitative technological expansion which required fundamentally new 
competences in the labour force. So, there was no external pressure for 
re-examining the purposes of mathematics education. This led to some- 
what of a fossilization of arithmetic teaching. And mechanical routine 
in computation became a main object of it. Furthermore, post- 
elementary mathematics kept to traditional paths. The only innovations 
at this level were the attempts at unification by replacing the traditional 
compartmentalization of the curriculum with a ‘mixed’ approach. As to 
objectives, a trend of switching weight from formative to substance 
objectives (without dispensing with the former) in the pursuit of 


purposes of type 1, and type 2 as well, could be detected in several 
countries. 


In the late thirties, certain new signals could be detected. Several 


observers and commentators found that too much emphasis was being 
laid on mechanical drill and on obtaining correct results, and that too 
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little attention was being paid to students’ understanding of the mathe- 
matical background to these routine operations. This did not mean that 
the purpose of social utility was being seriously questioned. De Vault 
and Weaver, in A History of Mathematics Education in the United 
States and Canada, quote Brueckner for having written (in 1941): 
‘Arithmetic should be both mathematically meaningful and socially 
significant.’ In England, the Spens Report (1938) of the Consultative 
Committee on Secondary Education stated: 


‘No school subject, except perhaps Classics, has suffered more than 
Mathematics from the tendency to stress secondary rather than 
primary aims, and to emphasize extraneous rather than intrinsic 
values. As taught in the past, it has been informed too little by 
general ideas, and instead of giving broad views has concentrated 
too much upon the kind of methods and problems that have been 
sometimes stigmatised as “low cunning”. It is sometimes utilitarian, 
even crudely so, but it ignores considerable truths in which actual 
Mathematics subserves important activities and adventures | o 
civilized man. It is sometimes logical, but the type and “rigour” © 
the logic have not been properly adjusted to the natural growth O 
young minds.’ 


Because of World War II, the growing demand of mathematicians and 
of mathematics educators that students should know and understan 
the mathematical background of what they were doing did not come 
immediately into effect. After the war, socio-economic and techn” 
logical conditions were totally different from those which preceeded ve 
All over the world, the restoration of industrial production from 4 
war-time to a peace-time basis, and the associated needs for economic 
growth, influenced requirements, and confronted the educational sect” 
including mathematics education, with a new challenge. Technology 
was no longer static. It expanded qualitatively as well as quantitatively. 
with the United States in the front of the wave. One result of er 
expansion was a demand for a well educated labour force capable, a 
levels, not only of performing routine operations, but also of adapting 
to more rapid changes in technology and working conditions. s K 
Vault and Weaver put it, when commenting on the ‘Sputnik E 
‘For both the average citizen, and the worker employed in pa 
expanding economy, mathematics was essential. Increasingly, it s 


8 
Leo J. Brueckner 
Education, Sixte 
York, Bureau of 


« . i neral 
- “The Social Phase of Arithmetic Instruction” In: Arithmetic and Ger 
enth Yearbook of the National Council of Teachers of Mathematics. 
7 Publications, Teachers College, Columbia University, 1941. p- 121. 
Teaching Mathematic: 
Majesty’s Stationery 
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recognized that the man on the street needed to be knowledgeable in 
mathematics if he was to understand the world in which he lived.’!° 


The situation described gave rise to an alliance between mathe- 
maticians, mathematics educators and educationalists. This was 
concluded by university mathematicians, on the one hand, and society 
(represented by government institutions and international organizations) 
on the other. Society sought a system of mathematics education which 
would first of all serve purposes of type 1, and second of type 2. The 
communities of mathematicians and mathematics educators offered to 
serve these purposes with thorough renewal of mathematics curricula at 
all levels. It may be conjectured that the post-war economic expansion 
was, in itself, less essential to many of these reformers than the oppor- 
tunity it gave them to renovate mathematics education, and, hopefully, 
to stimulate the numbers and the quality of recruits to university 
studies in mathematics and in natural sciences. 


This development constituted the so-called ‘first wave’ of the ‘new 
math’ reform. It was finally carried through in most countries at the 
beginning of the seventies. Since this development has been well- 
illuminated by observers and commentators, we shall not discuss it in 
detail. Instead, we shall comment upon certain recent trends. 


During the period of consolidation after the culmination of the ‘first 
wave’, various new traits have emerged. They originated from the 


observations that: 


(1) a strikingly large proportion of students of all grades had serious 
difficulties in grasping the rather abstract and structure-oriented 
content, which had become common as a result of the ‘first 
wave’; 

(2) the new curricula did not come up to the expectations and 
promises that they would enable students to use mathematics 
in non-mathematical contexts with intelligence and flexibility. 
This led to complaints by institutions and employers; 


(3) students became increasingly critical about being forced to learn 
difficult subject matter, the relevance of which was not only 
obscure to them, but also was being questioned by outside 
observers. 


As a result, mathematics educators began to reconsider the goals and 
curricula of mathematics education. Bent Christiansen identifies!! 
the following directions of change in goals: 


10: 4 History of Mathematics Education in the United States and Canada, p. 135. 


11 Bent Christiansen. European Mathematics Education — The Past and Present. Royal Danish 
School of Educational Studies, Copenhagen, December 1975, p. 10. 
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‘2.6.1 An increased emphasis on affective goals. 


‘2.6.2 An increased acceptance of responsibility for the majority 
of students, not only for an élite. 


‘2.6.3 An increased emphasis on usefulness (in an ordinary daily 
life sense) and on applicability of the outcomes of mathe- 
matics teaching. 


‘2.6.4 An increased concern for the individual learner; for learning 
more than for teaching; for the learner’s experiences, needs 


and interests, more than for the requests of mathematics as 
a science. 


‘2.6.5 An increased acceptance of the role of the mathematical 
activities (involved in processes such as description, system- 
ization, problem-solving, proving) .. . . not only knowledge 
of the results of mathematical activities, but also experiences 
from a familiarity with the processes that lead to the results 
are seen as main objectives.’ 


_ Z. P. Dienes suggests! ‘that the main aim of mathematics education, 
instead of being the knowledge of mathematics, should be the develop- 
ment of certain patterns of thinking, certain types of strategies, that 
people might develop in the face of new situations which they have 
never encountered before.’ He finds that mathematics education may 
provide students with four competences, namely to abstract (The 
Process of getting rid of irrelevances and cutting through noise (in 
information theory terms), and getting down to the real message '§ 
certainly a particular competence which would be a great asset ie 
people in the modern world.’), to generalize (‘This kind of enquiry 
obviously has a great interest in a very fast expanding and modern 
world and “... what would happen if... ? ‘supposing that... - °° 
This kind of enquiry is very important in any kind of modern develop- 
ment, be it government, industry, or scientific research. The moder” 
man should always consider the possibility of change. In fact he has no 
choice. He lives in a world of change and he has to adapt to it.’), Me 
decode and to encode messages (‘So, learning to cope with precis? 
messages or learning to formulate precise messages would be an 
important side effect of having learned to cope with mathema 
messages in general.’). In his conclusion! ? Dienes says: 


tical 


12 
Z. P. Di a ; p 
chapter prd Noaaing Mathematics” In: G. T. Wain (ed.), Mathematical Educatia 
p. 82-3. cinhold Company, Wokingham (England) and New York, 1 


3 Ibid., p.94. 
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‘To sum up, the suggestion is being put forward that the learning of 
mathematics could and should have other pay-offs besides the 
the knowledge of mathematics .. . . Last, but certainly not least, is 
the social pay-off. Children learn to work together in collaboration 
instead of in competition with one another while discussing problems 
such as have been described. They learn to respect the opinions and 
values of others and thus develop their own opinions and values 
within a practical and realistic social context.’ 


Using these few references to indicate the latest trends in goals of 
mathematics education, (several other references could be given), how 
might these trends be interpreted within our framework for analysis? 


As to purposes, the direction taken after the first wave of reform is 
towards placing increasing importance upon the needs of individuals, 
first as students, later as adults. These are purposes of type 2. Particular 
attention is being paid to those needs which are associated with living 
in, understanding and participating in a society of a rapidly growing 
complexity, characterized by alienation and by narrow ranges of 
possible courses of action, originating from, among other things, opti- 
mization and control of the exploitation and allocation of scarce 
resources. One could perhaps say that the increasing stress upon 
purposes of type 2 reflects an attempt to provide individuals with a 
means of protecting themselves against the consequences of certain 
lines of development in society. 


The needs of society as a whole — the purposes of type 1 — still 
have a central position in mathematics education. Up to the seventies, 
society required manpower which could take part in the technological 
and economic expansion, which accompanied an extension of the 
apparatus of production and of the public sector, and by submitting 
ever new areas of activity to technological treatment or innovation. 
During the seventies, and concurrently with the emergence of the world 
economic recession, the economy switched from an extensive to an 
intensive exploitation of capacity, with automatization, optimization 
and rationalization as important ingredients. This development led to a 
decreasing demand of labour. A result of this development is an 
increasing need for an adaptable labour force, with general rather than 
specific competences. For mathematics, this implies a capability of 
using mathematical tools in a variety of contexts. So, in terms of 
objectives, there has been a change in stress, after the ‘first wave’ of 
reform, from substance objectives to formative objectives. The stress 
now is on such capacities as: abstraction, generalization, creativity, 
general problem-solving behaviour, co-operative behaviour, partici- 
pation in collective tasks, decoding and encoding of messages, transfer 
and the like. Also the character of substantive objectives has changed. 
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While, in the beginning of the reform period, substance objectives 
stressed concepts which were internal to mathematics, they are now 
more concerned with mathematics in relation to its surroundings and, 
in particular, the skills of model-building and problem-solving. 


The objectives used to pursue purposes of type 2 are partly the 
same formative and substance ones needed for purposes of type 1. 
Some additional formative objectives, frequently suggested, seem, 
however, to refer particularly, even if not solely, to purposes of type 2: 
the fostering of curiosity, attitudes of research, critical attitudes, 
capacity to argue, emotional and aesthetical joys and the like. This 
trend towards emphasizing the needs of individuals is supported by a 
parallel trend lately of growing concern about respect for the integrity 
of children, discovery, intuition, play and experiment. 


We conclude this section by summarizing the major trends of change 


in the goals of mathematics education during the periods treated as 
follows: 


— 1900 1900 — 1920 1920 — 1940 


type 1&2 — type 1 — type 1 — 
purposes purposes purposes 


formative formative substance 


objectives objectives objectives 
(mental (mental (skills) 
discipline) discipline) 


1945 — 1970 1970 — 


type 1 — type1&2 
purposes purposes 


substance formative 


objectives and substance 
(understanding objectives 


concepts and (both general) 
structures) 


Figure 3 


er : S, 
Even though this historical sketch identifies only the main a7 a 

and does this by referring to singular cases, we think it is fair to ¢ ses 

that society has always held that the main purposes of mathem@ 
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education are to serve the needs of society as a whole — what we have 
called purposes of type 1. However, purposes of type 2 have occupied 
positions of varying strength as economic, political and ideological 
conditions have fluctuated, and as humanistic ideas have had influence. 
Even so, it seems that society has always considered these purposes to 
be subordinate in principle to purposes of type 1. 


S.C.E RT West B 
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Introduction 


During the economic boom of the nineteen fifties and sixties, in almost 
every country in the world, committees were busy planning widescale 
improvements to the mathematics curriculum. These committees 
contained mathematicians, mathematics educators, administrators and 
mathematics teachers, in varying proportions according to the political 
and educational ideology of the individual country. 


But, in almost all cases, the concern over the teaching of mathe- 
matics was restricted to those working within the area of mathematics. 
The objectives, in general, were to increase the supply and quality of 
mathematicians and mathematics teachers, and to give all children an 
exciting and up-to-date picture of what mathematics was about. This 
included in some cases, how it was used, and, in others, what it felt like 
to be creative in mathematics. The revolution, in other words, was 
rooted firmly in the needs of mathematics regarded essentially as a 
discipline. 


Unfortunately, it would seem, the main effect of all the curriculum 
changes was the growth of a sense of disillusion in the nineteen 
seventies. Not only were there few indications that mathematical 
standards were any higher as a result of the new curricula, there were 
even complaints of lower standards, some from within! , and many 
from without, especially from associated disciplines like science and 
engineering. What was even more strange were the occasional indi- 
cations that children doing ‘modern mathematics’ showed less liking 
for, and less commitment to the subject than previously”. 


See, for example, Thom, R. ‘Modern Mathematics: Does it Exist?’ In: Howson, A.G, (Ed.) 
Developments in Mathematics. Cambridge, Cambridge University Press, 1973; and Kline, M 
Why Johnny Can't Add. New York, St. Martin’s Press, 1973. ian 
See Preston, M.H. The Measurement of Affective Behaviours in CSE i 

unpublished Ph.D. Thesis, University of Leicester, 1973; and Kempa, R.F.; ea 
A Study of Attitudes Towards Mathematics in Relation to Selected Student Charact Res 
Br. J. Ed. Psych., Vol. 47, pp. 294—304, 1977. SERS 
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So, what went wrong with the visions of the sixties? Today, other 
committees sit pondering over the mathematics curriculum. But now, in 
the Western world, they do so against a background of economic 
recession and growing unemployment. Today, the committees are more 
likely to contain, in addition to mathematical interests, those who are 
concerned with the employment of new recruits at all levels of 
educated manpower. They may also include a few token scientists or 
engineers, and even the odd parent or two. The objectives this time are 
related more to society. So they will focus on the needs for skilled 
labour, and on those for numerate citizens able to make informed 
decisions on behalf of themselves, their families and society in general. 
They will even focus on the ‘minimal competencies’ required for social 
survival and the avoidance of dependency on state support. 


Changes in the curriculum are being recommended. Some have 
already been implemented. These are likely to be more realistic and ie 
optimistic than in the previous round of curriculum change. They W! 


probably be less widescale. But have we any guarantee that they will be 
more effective? 


The tendency of reforming committees both now and in the past has 
been to concentrate upon the endpoint: what does the child need to. 
know when he leaves school; does it serve the needs of ‘mathematic 
as-a-discipline’ or does it serve the needs of society? From gee 
decisions one can work back, deciding on the prerequisites (€-8- if 2 
needs to understand percentages, then, sometime earlier, he must hav 
learnt about multiplication), and thus dividing the curriculum into gn 
logically organized packages to be fed to children age-group by ae" 


is 
group, so that, at the end, they will emerge knowing just what 
required. 


The needs of the 
may thus be very dif 
classroom. 


f hig 
learner as perceived by the ‘committee On f the 
ferent from the view as seen from the reality 
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What are the long-term needs of the learner? 


A general view of the long-term needs of the learner would probably 
run something like this: (a) the ability to fulfil satisfactorily his role as 
a member of a variety of different social groups; (b) the enrichment of 
all aspects of his own personal life as an individual. 


The first of these clearly relates to the needs of society, and stresses 
the mutual dependence between the individual and the group. The 
second, perhaps less obviously, relates to the needs of mathematics as 
a discipline. In order to enrich the experience of the individual one 
would expect to enable him at least (i) to master as much actual mathe- 
matics as he can; (ii) to understand the nature of mathematics, 
including how it is created and how it is used; (iii) to appreciate 
aesthetically mathematical symmetries; and (iv) to enjoy mathematical 
problem-solving. All these would inevitably serve the needs of the 
subject in addition to those of the individual. 


Like the twin major pillars of equality and freedom, the problems 
only start when we are required to weigh one against the other in a 
practical decision. It may then be an invidious task for an administrator 
or curriculum planner to decide whether the social or the individual 
aspect takes precedence. For instance, should one encourage a student 
to study for a university degree in pure mathematics when the only jobs 
available are for factory-hands? Or should one encourage low attaining 
fifteen-year-olds to take courses in ‘social arithmetic’, which include no 
element of the appreciation of mathematical structure? And what 
about the rumoured senior ministry official who rejected modern 
mathematics on these grounds: ‘But we don’t want them to think, and 
especially not the girls’! 


We can all agree about a list of desirable aims; the difficult bit comes 
only when two such aims are in conflict. 


Varying perceptions of long-term needs 


Conflict is also likely to arise between the ‘official’ view of the needs 
of an individual and the perceptions of that individual himself. 


Even the child of eleven has, in general, realized that mathematics is 
important because it can help him in the future, both in obtaining and 
in succeeding at a job, as well as in his everyday life*. Indeed we know 


3 
See, for example, Assessment of Performance Unit (APU). Mathemati 
e, > f r - cal Development: 
Primary Survey. London, Her Majesty’s Stationery Office for the De ee 
and Science, 1980. eee atoms 
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that the role of education in preparation for a job is seen by the child 
and his parents as much more important than it is by his teachers‘. And 
both are likely to perceive the importance of passing examinations in 
order to qualify for particular jobs or training. 


In general, therefore, the socio-economic objectives of the 
‘committees of the nineteen seventies’ are likely to be shared by the 
child, the parents and the teacher. 


However, there are bound to be particular instances where there is 
conflict. 


It is by no means easy for the teacher to persuade a boy who might 
be leaving school the following year to take up a well-paid job in 
printing, as his father did, that he really ought to learn trigonometry 
because it won’t be too long before he’s made redundant and he may 
then need this knowledge. (It is made even more difficult when both 
teacher and student are aware of the fact that he’s likely to have for- 
gotten trigonometry by then anyway!). 


And, even if the long-term needs are perceived by the pupils, there 
may be a very different perception of the means of attaining them. 


I was recently in a girls’ school where the mathematics syllabus fot 
the very weak fifteen- and sixteen-year-old girls was divided into thre? 
sections: ‘computation’, ‘general mathematics’ and ‘social mathematics » 
cach of which was taught on a different day of the week. The ‘cO™ 


putation’ was a series of standard, pencil-and-paper algorithms of a type 
that most educators would s 


ike area, decimals, and so on; this W@ 
‘modern-type’ pedagogy using con 
The ‘social mathematics’ was based tic 
k which developed various ae e 
oung people; it attempted to involve 
-making. 


don 


When asked about the variou : ; he gitls 
: s strands of culum, thi 
found it very difficult to e their curri 


ext had too many words, partly oy 
“matter as ‘low status knowledge’, and P 


See, for example, Schools Council. 
Majesty’s Stationery Office, 1968. 
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on the failure of the girls to identify themselves with the characters 
in the way that had been intended. 


However, when we turn to the ‘needs related to the enrichment of 
the life of the individual’, which, as we have seen, correspond to the 
‘discipline-based’ needs, we may be treading on much more thorny 
ground. 


Here, the ‘committee of the nineteen sixties’ may have included 
some elementary group theory in the curriculum with two aims in 
mind: one of giving the individual some insight into the structural 
nature of mathematics, the other of increasing his aesthetic appreciation 
of its symmetries. The child, on the other hand (and, perhaps, with the 
active connivance of his teacher), may regard this topic as just one more 
set of words and techniques to be learnt in order that they can 
accurately be reproduced at examination time. Whether he is a teenager 
from an urban housing estate facing the prospect of unemployment, or, 
indeed, whether he is a son of bourgeois parents eager to push him into 
a ‘respectable’ career like accountancy, there is a strong chance that he 
will find elementary group theory irrelevant to his long-term needs, 
either as an individual or as a future worker. His family background, 
however deprived or affluent, may be such as to encourage him to 
perceive only the instrumental, job-related role of education, and to 
have little appreciation of the liberal view of education as a fulfilling, 
mind-broading experience. 


Whose views should prevail? On the one hand, no responsible teacher 
would always bow to the opinion of his pupils, and, as in the case of 
the teenage girls referred to earlier, prescribe a diet restricted to routine 
computation just because the girls thought it to be the only thing that 
was ‘important’. On the other hand, if the divergence between the 
curriculum of the committee and the learner’s own perceptions of its 
value is too great, the child may simply ‘vote with his feet’, and, even 
if he does not physically absent himself from the classroom, he will opt 
for a policy either of ‘maximal diversion’ or of ‘minimal engagement’ or 
of both. The children whose behaviour causes problems as a result of 
their disenchantment with what they are offered are the most 
noticeable ones, but many times more numerous than these are those 
who enter a silent pact with their teachers not to cause disruption 
provided no more than minimal participation is required — a few ‘sums’ 
here, a ‘drawing’ there, but nothing really to divert the mind from its 
ever present preoccupation with teenage culture. 


Any resolution, therefore, must be one of constructive compromise 
— just as it would be if a divergence of views occurred between two 
individuals engaged in a common pursuit. First, there needs to be 
communication: each must take the trouble both to inform the other 
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Social pleasure 


This form of need is rarely taken seriously by designers of mathematical 
curricula, although it is frequently used by the teacher as a means of 
motivation. Not only is the teacher able to bestow his own praise, he 
may also choose to ask children to present their work for public 
approval, either by giving a short oral description of it to the rest of the 
class, or by displaying it on a wall. This can create pleasure by enhance- 
ment of the child’s self-image. It can also serve the important aim of 
encouraging children to communicate clearly about mathematics, 
whether in writing or speech. 


Both confidence and the skills of communication can also be 
improved by enabling children to work co-operatively. However, the 
major cognitive gain from group-work may be that, in arguing out his 
ideas with others, the child is placed in a position where he is more 
likely to resolve the contradictions inherent in his own reasoning. 


Hence the curriculum planner and the teacher can capitalize on the 
child’s need for social approval and social co-operation to satisfy his 
cognitive, as well as his affective, needs. 


Aesthetic pleasure 


Just as we hope that children will appreciate Beethoven or Picasso 
both through the mind and the senses, we should likewise give children 
the opportunity to admire beautiful mathematics, whether in the form 
of visual or symbolic symmetries, or in the more intellectual form of 
elegant reasoning. However, enjoyment cannot be imposed. If students 
generally remain indifferent to a piece of mathematics which was 
included in the curriculum mainly on the grounds of its aesthetic 
attraction, the piece should, like Euclid, be abandoned forthwith. 


Creation of beauty is probably more satisfying than the mere con- 
templation of it. Opportunities for this can be made at all levels, from 
the creative drawing of symmetries and the production of number 
patterns right up to the construction of proofs. 


Pleasure at solving problems 


Perhaps the unique contribution of mathematics to the curriculum is 
the opportunity it offers for the emotional and intellectual satisfaction 
which can result from successful problem-solving, even where the 
problem is only that of understanding something which was previously 
obscure. However, the joy seems to be proportional to the cognitive 
struggle involved. Although success in a trivial workcard task of the 
‘copy and complete . . . ° variety will give some degree of satisfaction 
such a task is likely to offer little frustration, to involve little commit- 
ment of effort, and hence to lead to little learning. 
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Mathematics and Science (CSMS)’ programme based at Chelsea College, 
University of London between 1974—79, with which the author has 
been associated. 


The aim of the project was to reduce the mismatch between th 
learner and the curriculum, by (i) identifying the order of difficulty o 
the individual topics normally found in mathematics courses, thu 
producing a ‘concept map’; (ii) pinpointing particular learnin 
difficulties; and (iii) providing evaluatory procedures designed to helpl 
teachers to identify the stages reached in their pupils’ thinking. 


In their attempt to realize this aim, the research team studied the 
following eleven topics in mathematics: Number operations, Ratio, 
Fractions, Place value and decimals, Positive and negative numbers, 
Measurement, Algebra (generalized arithmetic), Graphs, Vectors, 
Matrices, and Reflection and rotation. 


By interviewing more than 300 children, and by giving pencil-and- 
paper tests to more than 10,000 others, we were able to arrive at a 
series of ‘levels of understanding’ in each topic, and to relate these 
levels to some extent across the topics. 


The particular abilities which seemed to characterize the children at 
each ‘level of understanding’ in each topic have been described in 
general terms, and they have been illustrated by reference to the type 
of questions those children would be able to answer (and those they 
would not). 


In addition, the proportion of English children at each of the levels 
in each topic was estimated for each age-group in the secondary school. 


The research instruments which were employed have now been 
adapted for use by teachers so that they can determine the ‘levels of 
understanding’ of children in their classes, and hence plan appropriate 
work in each topic to consolidate the child’s present ‘level of under- 
standing’ and to lead the child on to the next level. (These tests® are 
currently being published by the National Foundation for Educational 
Research, Slough). 


The detailed results of this work occupy a full-length book®, and a 
long research monograph’. Accordingly, only some of the major 
findings are summarized below. 


S Brown, M. Teachers’ Guide to the CSMS Number Operations Test, Slough, National Foun- 


dation for Educational Research, 1979. 


Hart, K.M. (Ed.) Children’s Understanding of Mathematics, 11—16. London, John Murray 
1980. 8 


Hart, K.M. Secondary School Children’s Understanding of Mathematics: a report of the 
Concepts in Secondary Mathematics and Science Programme. London, Chelsea College 
1980. , 
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a) There is a very wide range of understanding in each topic in each 
year-group in the secondary school, and there is little difference 
in this range from one year group to another. 


This is illustrated in Figure 1 by the results of the study of ‘Place value 
and decimals’. In this study, seven ‘levels of understanding’ were 
identified. Figure 1 depicts the proportions of children in each age- 
group between 12 and 15 years at each of the seven levels. The normal 
distribution of ability was allowed for by matching the size of the 
samples to the known IQ distribution of the English population in each 
age-group. 

Children at level O had little grasp of the basic ten place value system 
used for natural numbers, whereas those at level 6 had a comprehensive 
understanding of the base ten system as used in the representation of 
natural numbers and of rational numbers®. 


It can be seen that, although the actual proportions change from 
year to year, all levels of understanding are present in each of the age- 
groups in significant proportions (i.e. at least six per cent). This implies 
that a teacher of a mixed ability class in any age-group can expect to 
find at least two children at each of the seven levels of understanding! 


The Figure also shows that, in their understanding of this topic, the 
top 20 per cent of 12 year-olds are ahead of the average 15 year-old. 
Indeed, these children would seem to have more in common with the 
brightest 15 year-olds than with the average 12 year-old. Conversely, 
the weakest 20 per cent of 15 year-olds are behind the average 12 year- 
old. Their degree of understanding is more akin to that of the weak 
12 year-olds than to that of the average 15 year-old. These findings for 
this topic were not unique. A similar pattern was obtained in each of the 
curriculum areas chosen for analysis. 


The implication of this finding is that it is clearly inappropriate to 
produce curriculum materials which cater for specific age-groups — as, 
for example, a series of textbooks with one book for each year in the 
school. Even if the writers of such a series were to aim at the median 
‘level of understanding’, the materials for the 12 year-old would be 
‘poorly-matched’ to 40 per cent of 12 year-olds, but well-matched to 
40 per cent of 15 year-olds! This judgement is based on the criterion of 
‘differing by not more than one level’ as defined by our system. It is, 
of course, an arbitrary criterion, and it assumes a linearity of the 
‘levels’, which does not necessarily exist. Nevertheless, the writer 
believes the conclusion has some validity. 


8 r j i taa 
See Hart, Children’s Understanding . . . op- cit. for a more detailed definition of these levels. 
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b) The progress of individual children is very slow 


Figure 1 suggests that, over the three-year period from age 12 to age 
15, very few children would advance by more than two of the seven 
levels: about one half would grow by just two levels and about a third 
by just one level. However, this inference cannot be supported by other 
evidence, as the 12 and 15 year-old samples tested in this topic were 
cross-sectional, and therefore contained different children. 


period. The results in Table 1 below relate to Algebra, in which five 


‘levels of understanding’ were identified. The five levels were labelled 
LO to L4. 


Number of 
levels gained 


= 
100 <IQ< 109} 1Q>110 


n=28 | n= 32 


0 levels 


13 6 


1 level 14 20 (6 to L4) 
2 levels 1 (to L4) 5 (4 to L4) 
Regressed 0 1 


Table 1 Number of levels gained in Algebra over the two-year period 
(13-15 years) in each IQ score group. 
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understanding of mathematical concepts is extremely slow for many 
children. Even if ‘simplification of formulae’ is the next step after 
‘substitution’, it may require a year or more of consolidation of the 


latter before the child is ready to move on to the former. 
Most curruiculum materials at the secondary level assume steady and 


significant progress from year to year. They will thus have probably 
forged well ahead of the stages actually reached by all but the brightest 


pupils, especially by ages of 14 to 16 years. 


c) The level of mathematical understanding reached by many children is 
relatively modest, certainly in comparison to the expectations of 
most curricula. 

It is impossible to go into the considerable detail of the results in each 

topic to illustrate this finding. A few sample results are given for five 

of the eleven topics. 

In all cases below, the facilities (percentages of correct answers), and 
the percentages quoted at any given level relate only to the 74 year-old 
sample. This limitation is chosen for simplification of the argument. 


Number operations 

f 14 year-olds) could consistently choose the 
d into a calculator to solve straightforward 
mals. The presence of numbers less than 
lication) or in the answer (for division) 


Less than 10 per cent (0 
correct expression to fee 
‘word problems’ involving deci 
One in the question (for multip 
caused the greatest problems. 
For example, responses to this question: 


inced beef is shown as 88.2 pence for each kilogram. 


The price of m ‘ 
g 0.58 kg of minced beef? 


What is the cost of a packet containin 
88.2 + 0.58 or 0.58 + 88.2 or 88.2 — 0.58 or 0.58 — 88.2 or 88.2 + 
0.58 or 0.58 x 88.2? 


gave a facility value of only 21 per cent. 


Ratio 


About 55 per cent (of 14 year-olds) could, in general, apply propor- 
tionality only to problems involving a ratio in the form of l:n orn:1, 
where n is a small whole number. In other words, they could only 


treble, double, halve, etc.’ 


9 Hart, K.M. The Understanding of Ratio in the Secondary School. Mathematics in School, 
Vol. 7, No. 1, January 1978. 
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For example, responses to this question: 


These two letters are the same shape. One is larger than the other. 


AC is 8 units. RT is 12 units. 
s 


Y 


The curve AB is 9 units. How long is the curve RS? 


gave a facility value of only 20 per cent. 


Place value and decimals. 


About 55 per cent (of 14 year-olds) could understand and use decimals, 
provided there was no need to relate the figures in the different places. 
Dividing by a larger number (as in the area of number operations) 
caused particular problems. 


For example, responses to this question: 


Add one tenth 


gave a facility value of 51 per cent 


But, responses to: 


Divide by 20 


gave a facility value of only 25 per cent. 


Algebra 


in 
About 65 per cent (of 14 year-olds) were able to use letters p- 
generalized arithmetic in cases where a number could be readily § f 
stituted to solve the problem, or where the letter could be thou 
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as representing an object. Some 35 per cent could also use letters where 
they represent specific, but undetermined unknowns, or generalized 
numbers. But only about 5 per cent seemed to understand the meaning 


of a numerical variable.'° 
For example, the responses to this question: 


Blue pencils cost 5 pence each and red pencils cost 6 pence each. 
I buy some blue and some red pencils, and altogether it costs me 90 
pence. If b is the number of blue pencils bought, and if r is the 
number of red pencils bought, what can you write down about b 


and r? 


gave a facility value of only 11 per cent. 


Graphs 

About 40 per cent (of 14 year-olds) could at most plot and read infor- 
mation, without interpolation, from block graphs (bar charts) and 
scattergrams. Only 10 per cent could understand the relationship 
between a graph and the algebraic expression it represents, although 
most English children would meet this when they are 12 years old.” 


For example, responses to these questions: 


Which of the graphs below represents the line y = 2x? 
Put a tick by the graph you choose. 


(a) (b) (c) (a) 


y axis y axis y axis y axis 
3 3 3 3 
2 3 2 2 
1 1 1 1 
OL ie a8 i 28 oO it @ 3 oo BES 
x axis x axis KURIS x axis 


10 i 7 
Kuchemann, D.E. Children’s Understanding of Numerical Variables. Mathematics in School, 


Vol. 7, No. 4, September 1978. 


u ene 
Kerslake, D. The Understanding of Graphs. Mathematics in School, Vol. 6, No. 2, March 
1977, 
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What are the equations of the other lines? 


(2) spe ey sweatin eo cues x 


(ct re ae 


gave facility values as follows: 
(a) 18 per cent (b) 10 per cent (c) 10 per cent (d) 4 per cent. 


All of the above topics and questions relate to areas of the English 
curriculum which would generally havebeen studied by 14 year-old 
children, many of them over a period of several years. 


The implications of the findings are that some parts of the English 
mathematics curriculum appear to be quite inappropriate for the 
majority of children at the time when these items are introduced, for 
little of what was taught appears to be understood. There are two areas 
in which a clear mismatch shows up over a number of topic studies. 
One is the understanding of the nature of algebraic variables (algebra, 
graphs, vectors). The other is operations involving numbers less than 
one (decimals, fractions, ratio, number operations, graphs). 


(d) The relative independence of teaching and learning 


Although there were large variations between the mean levels attained 
in different schools, these differences were nearly all accounted for by 
the differences in the mean IQ of the school intake. Although the 
results have not yet been fully analysed, it would appear that they are 
but little affected by the considerable variations of content and metho 
which are to be found among the different courses taught in English 
schools. 


This conclusion is also supported by the fact that the test insttl” 
ments have been tried out in other countries (Greece, Canada, and m 
Federal Republic of Germany) and the results reported so far do al 
differ greatly from the English ones. This, however, is not true of t” 
tests of ‘skills’ which were used for comparison. 


. i ot 

An explanation of the fact that the type of teaching seems a 

greatly to affect the learning is that a widespread use of iTO e, 
methods — both successful and unsuccessful — was found. For instan 
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in the area of ratio, the unsuccessful ‘addition’ strategy!* was used 
at some time by over 50 per cent of the 14 year-old sample — and in 
all schools. Few children, in the ratio questions, used a ‘school-taught’ 
method (for example, multiplying by a fraction, using the formula 
a ; 

P =F , or ‘practice’). Even the most successful pupils used some sort of 
informal addition-based ‘building-up’. Similarly, in the area of number 
Operations, many of the children interviewed used a mental form of 
‘counting-on’ (complementary addition) to obtain answers to ‘sub- 
traction’ problems. ‘° 


At the same time, some of the brightest children appeared to be able 
to cope with problems in topics (e.g. Vectors) they had not ‘officially? 
been taught, provided a minimal explanation was available. 


The implication of this general finding is not necessarily that the 
content of mathematics courses and the method by which it is taught 
are unimportant. It would, however, seem that variations due to 
different methods being used within schools in our sample were small 
compared with the variations due to measured IQ. Consequently, a 
careful control of variations due to ‘inability’ would have to be made 
before the effects of different teaching styles or course materials could 
be compared. 


The overall conclusions of the CSMS programme were then that 
many of curriculum materials which are in widespread use in England 
and Wales are not well-matched to the level of mathematical under- 
standing possessed by many of the pupils, and that much more 
attention needs to be paid to assessing the level the individual learner 
has attained before prescribing the next step. This is likely to maximize 
his learning, and, in turn, satisfy his emotional need for successful 
mastery of new concepts. This is just as true for the bright child as for 


the less able one. 


Summary 


It is suggested that curriculum development both in the past, and at 
the present time, tends too often to ignore the needs of the child as 


; Grize, J.B.; Szeminska, A.; Bang, V- Epistemolologie et Psychologie de la 
Fonction, Paris, Presses Universitaires de France, 1968; Karplus, R.; Karplus, E.; Formisano, 
M; Paulsen, A.C. Proportional Reasoning and Control of Variables. Berkley (Calif.). 
Advancing Education through Science Oriented Programs, Report ID—65, 1975; Hart, The 


Understanding of Ratio... . op. cit. 
3 Brown, M; Kuchemann, D.E. “Is it an Add, Miss?” Mathematics in School, Vol. 5, No. 5, 
November 1976 and Vol. 6, No. 1, January 1977. 


i. 
Piaget, J.; 
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they are perceived by him in the classroom. This is true of his a Soe 
needs, where his perceptions may be very different from those a 
curriculum planners, and where a greater degree of dialogue is require 
between all parties concerned in the mathematical education of as 
child. It is equally true of the child’s need to be presented with shar 
term goals which he can see to be worthwhile, and in the attainmen 


of which he expects to derive emotional satisfaction. The teaching 
method may go some wa 


aesthetic, emotional a 
importance is the need fo 


. . . : i to 
the emotional Satisfaction of Significant learning may be denied 
many of our children. 


Desmond Broomes 


Goals of Mathematics for VIN 
Rural Development fe aik 
E 


o 
G 
2 ii 
go {t 
i 
2 


5 ! 

L E Calcutta biy 

NA g, AE 
ier 


The Context 


In 1970, some 52 per cent of the world’s population were making their 
living from the land, or were members of farming families. It, therefore, 
seems reasonable to expect that, within any country, the education and 
training of the rural population should loom large in its plans and 
programmes. Further, careful analysis of population figures reveal the 
extent of the problem for developing countries. The world agricultural 
population varies considerably from region to region, and even within 


Table 1: Agricultural and Non-agricultural Population in millions and 
Available Land per Unit of Population: 1962—1985. 


Arable land per unit of 
Agricultural Non-agricultural Agricultural Total 
Population Population population population 
in hectares 
1962 1985 1962 1985 1962 1985 1962 1985 


Afri 
uth 0.89 0.90 0.62 


South of 165 250 36 107 1.10 
Sahara 

Asia and 583 880 250 591 0.45 0.31 0.31 0.19 
Far East 

Latin 99 144 127 289 1.49 132 
America 

Near 

Eastand 88 114 47 140 0.83 0.72 0.54 0.32 
North 

Africa 

Total 935 1388 460 1.127 072 0.56 0.48 0.31 


Adapted from: FAO, Provisional Indicative World Plan for Agricultural 
Development: Summary and Main Conclusions. 
(Malassis, Louis. The Rural World: Education and 
Development. Paris, The Unesco Press, 1976, p. 15.) 
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regions. For example, in North America, in 1970, one person in twenty- 
three was a farmer; in Europe, the proportion was one in five; in the 
USSR, it was one in three; in Central and South America, one in two; 
but in Asia and Africa, it was two in three. 


In developing countries, the agricultural population is much larger 
than the non-agricultural population. Table 1, above, contains data 
which show that in certain areas the agricultural population was as high 
as 67 per cent of the entire population in 1962, and, by 1985, 
according to the Food and Agriculture Organization of the United 
Nations’ (FAO) forecast, the agricultural population will still be about 
55 per cent of the entire population. 


Further, the amount of arable land per unit of population for the 
developing countries is expected to be reduced from 0.48 hectares in 
1962 to 0.31 hectares in 1985. In some developing countries the 
situation is critical and serious. In Asia and the Far East, the amount of 


available arable land was already 0.31 hectares, and was expected to 
be reduced to 0.19 hectares by 1985. 


Other factors have tended to emphasize the serious issues involved. 
In the early 1970s the FAO had warned of an impending food crisis; 
and, by 1974, famine was rampant in many developing countries all 
over the world. The so called ‘Green Revolution’, which started in 
many developing and Poor countries during the 1960s, made use of 
high yielding varieties of plants 
more water and more fertilizer, 


A major concern in this paper is with the rural population of the 
world about whom it is reasonable to make certain statements, even 
though the available statistics on rural populations are unsatisfactory: 
in that the definition of ‘rural’ as ‘non-urban’ has varied from country 
to country and even within a country, and the collection of valid and 
reliable data depends to a great extent on the members of the 
population being able to do things expected of a literate population. 


1 “The Plains of Plenty”. Time, 21 January, 1980. p= 13. 
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First, it can be asserted that in any country the rural population is 
much larger than the agricultural population. Those living in the 
country-side include not only farmers and the families of farmers, but 
also merchants, clerks, factory workers, craftsmen and a whole band of 
unemployed country dwellers. 


Second, figures from the United Nations Demographic Yearbook 
(1971), give useful, although limited, insights into size and distribution 
of the rural population. Of the thirty largest African countries, twelve 
have a rural population of over 90 per cent, eighteen of over 80 per 
cent, twenty-two of over 70 per cent and almost all of over 60 per cent. 
In the largest Asian countries, India, Indonesia and Pakistan, more than 
80 per cent of the population is rural. In Latin America, which, 
comparatively, is highly urbanized, there are as many country dwellers 
as town dwellers. 


Third, a threefold related finding is that the majority of people in 
the world’s less affluent countries live in the country-side; that an 
Important segment of the population of every nation may be defined 
as rural; and that the problems of the rural population of Central 
Africa, South East Asia and the Andes are, at first glance, very different. 


Thus, in this paper, the rural world is defined to include all those 


developing countries where 70 to 95 per cent of all people live and 
work in rural areas, together with those segments of developed and 


affluent countries where rural (in particular, agricultural) activities are 


Prominent. 
in size, and in their overall 


These segments vary considerably 
teria. This rural world may be 


development as measured by urban cri 


characterized in the developing countries by: f 
— high rates of demographic growth among the rural population; 


— agricultural methods which are traditional, archaic and superstitious; 

— the fact that most farmers and agricultural workers are ill-educated 
Or illiterate; 

and in all countries, developed and developing, by: 

~ increasing numbers of illiterate peasants in the rural communities; 

~ a lower level of schooling (and quality of schooling) among the rural 
community than among the urban community; 


R the deterioration of the natural environment. f 
It is clear, therefore, that the problem of the rural world is a world- 


wide problem. Few nations, whether developed or developing, rich or 
Poor, seem to be satisfied with the activities they have planned and 
conducted in the context of education and training for rural develop- 
ment, 


43 


Studies in Mathematics Education 


The Nature of Rural Development 


A constraint upon rural development in most developing countries is 
the observation, ‘those who hold a pen earn more than those who wield 
a hoe’. This single circumstance exerts immense influence on the 
entire community. Young people and their parents lay great store by 
that academic type of education which they assume will lift them out 
of poverty. 


Thus, in most developing countries, a simple formula for education 
evolved. Primary education was organized to impart literacy and 
numeracy to the most able boys and girls. Less favoured primary pupils 
were kept busy doing handicrafts and gardening. Within a few years 
they dropped out of school. Secondary education was for the acquisition 
of ‘school certificates’. Its major objective had little to do with the 
acquisition of certain skills or attitudes.. And university education was 
intended to enhance the earning powers of an ‘educated’ group, One 
thing was certain: the accepted philosophy of education had nothing to 
do with the social and economic reconstruction of the society. 


Rural development, which, by our definition, takes in the develop- 
ment of the entire community of developing countries, could be 
thought of as the consequence of finding solutions to the problems of 
irrelevant school curricula, inappropriate community values, sterile 
educational philosophies and complex employment practices. The 
development of rural communities should attempt to fuse the services 
provided in such fields as health, welfare, nutrition, education, public 
works and agricultural extension, into a co-ordinated effort in each 
locality designed to stimulate initiative, self-help and mutual aid among 
villages. 


Necessary twin conditions for the type of rural community develop- 
ment being described are that the value system of the community 
should be re-interpreted and that the education of adults and the 
schooling of their children should be regarded as two facets of a singe 
operation. This derives from the realization that the qualities which a" 
required for innovation in rural areas cannot be developed by tinker!” 
with the curriculum of schools. The supporting evidence is abundan™ 


— The poor quality of the rural teacher is notorious. The defects in oh 
education and training make it almost impossible for him to ape 2 
general scientific concepts to related phenomena in the environmen 
What the teacher knows outside of his experiences is what has 
taught him in a textbook way. 


n 
s ond? 
Castle, E.G. Education for Self-Help: New Strategies for Developing Gounines 
Oxford University Press, 1972, p. 60. 
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— Agricultural education is often regarded as an appendage to ‘proper’ 
school work, or as an activity for the weaker students, or as an 
activity for poorer rural schools. 


— The gap between the thinking of educational planners and of edu- 
cational practitioners is wide. Educational planners seek to use the 
school curriculum as as instrument of reform. However, no school 
curriculum has yet emerged which combined ‘subjects’ with those 
activities that men and women engage in at their work-places and 
with the human relationships that are critical in the growth and 
development of any community. 


Thus it seems fair to state that the ruralization of the curriculum 
would not emerge from changing the curriculum, here and there, now 
and then, but by evolving a method of teaching and learning modelled 
upon the attitudes, skills, and work-habits that are desired in the village 
citizens, 


Redefining Schools in Rural Communities 


‘All societies face the task of preparing their young for full member- 
ship in the adult community and all cultures include education as the 


principal means of perpetuating themselves.” 


Schools have become the chief agent of educating the young. They 
exist in varying degrees of ‘schoolness’. They range from the uncon- 
scious observations that children make of elders in the family to the 
more organized and formalized school situations. 


In preliterate societies, children learned by doing. 


‘The homestead was the school. In the homes and on the farms, the 
Children were taught the skills which would enable them to play their 
full part as adult members of their society. They learned by direct 
observation and imitation. By this method, the boys learned how to 
distinguish useful grasses and dangerous weeds, how to stalk wild game, 
and how to stock sheep and goats; and the girls were similarly taught 
the skills related to their sex and age, such as the preparation of meals 
and looking after babies. All children were taught tribal history by oral 
tradition and were also helped to acquire the sacred cultural mores and 
attitudes as well as the modes of behaviour which were valued by their 
Society.”4 


3 ion” p 
Kajubi, W. Senteza “Is the school an Obsolete Institution?” In Educating the Young People 
of the World, edited by Alice Miel and Louise Berman, Washington, D.C.: Association for 
for Supervision and Curriculum Development, National Education Association, 1970, p. 9. 


Ibid. p.9. 
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An education as described by Kajubi had obvious advantages. First 
and foremost, it related directly to the needs and problems of the 
society. Second, it involved more or less all members of the society, 
every child as a learner, every adult as a teacher, and every institution 
as part of the education process. Third, it ensured that persons 
developed as emotionally stable and economically productive members 
of the community. 


This education, however, had some severe limitations. All children 
were given, more or less, the same kind of instruction according to their 
sex and age. The education depended heavily on custom and tradition. 
So it was oriented towards the past. In the teaching-learning process, 
memorization and recall of information were emphasized, while 
innovation and creativity were often ignored. 


As societies became more complex, the processes of socialization and 
enculturation became more intricate and specialized. Thus evolved the 
formal school with its responsibilities for ensuring the orderly trans- 
mission of culture from generation to generation, and for educating the 
young. And herein lies a major problem. ‘Whereas, from one point 
of view education is a specialized study, with its own techniques, and 
is the business of experts, from another point of view education is 
everyone’s business and involves every thing that living itself involves. 
The process of intellectual, emotional, and social growth is susceptible 
of expert investigation, and affords a valid group of appropriate disc! 
plines. At the same time, none of us can escape active participation 
in the business of education, our own and other people’s, since thé 
influences of persons upon one another must result in education ° 
some kind, good, bad or indifferent.’> In developing countries, the way 
the schools evolved created a second (and a larger) problem. The 
African continent (or the Caribbean crescent) can serve to illustrate. 


In most African countries, the first schools were established 
missionary societies. They had two main objectives: first, to save ie 
souls of the natives, and second to train clerks, artisans and a 
workers for the economic activity stimulated by the colonials. c 
values and skills taught in these schools were frequently at variae 
with practices at home and in the community. The values O 
teachers also differed from the values of the parents of the learners- 


iri 

Subsequent political independence and a strong national ars 

stimulated the development of curriculum materials based on the of 

environment, the incorporation into the school curriculum ee” 

indigenous music, art and folklore, and a bridging of the gap z am? 
home and school. Thus in most developing countries education 


5 
Jeffreys, M.C.W. Glaucon. London, Sir Isaac Pitman & Sons, 1950, p. 3- 
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a major political concern and expenditure on education has been main- 
tained at about 25 to 33 per cent,of annual budgets. 


Yet there are serious problems in developing countries: only 50 per 
cent of children of primary school age are receiving more than a few 
years of schooling; primary education is generally academic and 
literary, aiming at preparing children for secondary school (and 
secondary education for the university); only 2 to 4 per cent of 

_ children of secondary school age can be accommodated in secondary 
‘schools; schools, by virtue of their limited accommodation and 
resources, nuture among children a highly competitive and selfish spirit 
— as against the self-help and national co-operative movements being 
fostered by the community; teachers are inadequately educated and 
inadequately trained, and many are untrained; teaching methods are 
formal, emphasizing drill and the memorization of information; and the 
curriculum removes the children from their social and cultural milieu, 
emphasizing book learning and examinations. 


Schools as we know them, especially schools in developing countries, 
are not organized, equipped and run to combat these problems. 


First, school facilities cannot be expanded in the same way as the 
School plant has been built and used in the past. It would require 
educational budgets absorbing 50 to 70 per cent of national budgets 
to provide all children of primary school age with comparable facilities. 


Second, those in school take a long time to become adult men and 
women with employable skills. Their impact upon economic and social 
development will not be felt by the community until at least two 
decades later. 

i i i i der utilized. 

Third, the school plant and its services are heavily unc i 
Schools open at 8 o’clock in the morning and close at 4 o’clock in the 
afternoon. Furthermore, they open for only nine months of the year. 
Schools are not concerned with the education of adults. 


The chool must therefore change. It should broaden 
into thal on aee integrated with the community as a whole. 
It must be concerned with the education of parents as well as of 
children. It must be concerned with the education of the men and 
women who produce our food, our clothes and our shelter. It must 
Operate so that other institutions — economic, social, and political — 
can contribute to the education of the young. Education must become 
a flexible process — no longer tied to time (pupils 5—16 years old), to 
Place (buildings conventionally called schools) and to a methodology 
(pupils doing assignments set by teachers). 

Re-analysis of the data obtained from rural communities leads to five 
Propositions which would allow rural growth and development to be 
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interpreted in economic, social and cultural terms. The propositions 
may be stated as: 
— education should be conceived as a continuing process from infancy 
through adulthood; 
— the needs of the users of the educational institutions must be the 
starting point of any analysis; 
— the needs and values of the community should inform the methods 
and content of education; 
— all institutions (economic, social, educational) should be organized to 
play crucial roles in the education of every citizen; 
— education should be conducted using a variety of methods and 
materials. 
The first two, and the last of these propositions were identified by 
Coombs. They allowed him to group the various types of learning 
within any community into three categories: 


— Informal education. A relatively unorganized and unsystematic 
process by which every individual acquires attitudes, values, skills 
and knowledge from the daily experiences and educative influences 


in the environment. 


— Formal education. A hierarchically structured and chronologically 
graded process which runs from primary schools to secondary 
schools to universities and includes academic, technical and profes- 
sional studies. 


— Non-formal education. Any organized educational activity outside 
the established formal system that is intended to serve specified 
learners and learning objectives. 


Coombs’ conceptualization of education in terms of informal, formal 
and non-formal components, overlapping and interacting, seems a V° A 
useful way to think about the educational programmes of any com 
munity. It also provides a useful frame of reference for assessing an 

planning effective programmes. 


. i i e 

Three trends which characterize the role of education within tha 
process of rural development, are, according to Coombs’, self-evider 

g ag” 


irst, rural development means more than simply increasin tion: 
a 


cultural production. Rural development means rural transformar ie, 
It requires increased productivity, equitable distribution of inc and 
increased employment, land reform, better health, nutrition 


6 as ee i aii 
Coombs, Philip H. “Non-formal education in rural development”, in Educational D° 
ment International, Vol. 2, No. 4, 1974. 


7 Ibid. 
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fousing, expanded educational opportunities, strengthening of political 
stitutions and the promotion of social justice- 


on education cannot of itself ensure rural development. ‘Edu- 
a ion must be seen as only one input among many (inputs for rural 
evelopment), its impact depends not only on its own quality and 
relevance, but on its interaction with complementary inputs.” 


Finally, rural development must be viewed in the context of national 


development, and of the interactions between rural and urban 
economies. It must be defined as an entity with its own integrity and 
not as an accidental spin-off from urban/industrial growth. 


Coombs concluded: ‘It seems clear from the evidence gathered in this 
Study that the educational deprivation of rural children and adolescents 
in many parts of the developing world is more serious than is generally 
assumed. This sombre picture is relieved by evidence of promising new 
approaches, but nothing short of a truly massive and innovative effort 
Over the next two decades can hope to correct the situation.” 


Developing countries and rural communities have, therefore, to 


re-examine the curriculum (its objectives and its content). The major 
Problem is to ruralize the curriculum. This does not mean the inclusion 
Of agriculture as another subject on the programme of schools. 
Ruralizing the curriculum means inculcating appropriate social attitudes 
for living and working together in rural communities. Ruralizing the 
Curriculum must produce good farmers, but it must also produce 
Persons who would co-operatively become economic communities 
as well as social and educational communities. 


Goals of Mathematics for Rural Developments 


The issues identified and discussed in the sections above have served to 
Point out the psychological, social and political factors that should 
Interact among themselves to generate a set of goals of mathematics 
for rural development. The main components are the individual (and 
Other individuals), the institutions (economic, social, political) and the 
c y ee 
Ommunity (as a society). 

By focusing first on the needs of the individual as he or she relates 
to other individuals, to the institutions and to the community, and then 
on the needs of the community as 4 society in a similar way, it is 


8 
Ibid. p, 167. 


Ibid, p. 168. 
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possible to uncover goals for mathematics education in a rural environ- 


ment. The figure below illustrates the various strands of thought. 


Other 
Individuals 


Institutions 
economic, 
social, 
political 


Individuals 
acting and 
inter-acting 


social goals 


Individual] in relation to technical goals 


cultural goals 


personal-aesthetic 
goals 


Institutions 
among and 
within 


Needs of 
society 


in relation to technical goals 


Community > cultural goals 


| 


Figure 1: Generating Goals for Mathematics education 


. ized 
The different types of goals that have emerged may be summarize 


under four headings: 


1. Social Goals 


These are needed for: 

— working with others; 

— thinking with others; 

— feeling with others; 

— living with and among others. 


2. Technical Goals 


These are intended to provide: : 
~ mathematics for understanding and studying other subjects: 
~ mathematics for the further study of mathematics: 


~ mathematics as method of investigation; pouse” 
s 


~ mathematics for the working roles we have to play 4 
farmer, lawyer, etc. 
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3. Cultural Goals 


These are intended to provide insights into: 
— mathematics as a symbolic system;'° 
= Taema ligy as expression of man’s intellect and of man’s historical 
evelopment; 
: mathematics as man’s disentangling of Nature; 
mathematics as a way of thinking and of communicating thought. 


4. Personal-Aesthetic Goals 


These, broadly, are of two types: 
the personal types, which stimu 
E mortem, and those which permit personal expression; 
e aesthetic types, which aim to convey an appreciation of mathe- 
matics as a deductive system and of mathematics as concerned with 


patterns and shapes and order. 


late curiousity and intellectual 


These goals of mathematics for rural development have been placed 


under five broad headings: 


l. The preparation of citizens as users of mathematics (Social 


Goal); 
2. The contribution of math 
Goal); 
3. Mathematics as an educative 
(Personal Goal); 
4. Training of mathematicians and other 
(Technical Goal); 
5. Mathematics as a science with its own u 
and beauty (Aesthetic Goal). 
oe has been said to suggest, € 
a mutually exclusive. Indeed ther 
m ivities involved in attaining each goa 
Ore fully described. 


ematics to cultural synthesis (Cultural 
force in every person’s life 
mathematical scientists 


nique characteristics 


ven vaguely, that these five goals 
e is much overlap among the 
l. That said, the goals can be 


Goal One: The preparation of citizens as users of mathematics 


1 is reasonable to assert that any mathematics programme should 
: oe among the learners some basic skills of numeracy, some under- 
anding of patterns and shape, some idea of the applications to 
Omestic, social and day-to-day living and, to some extent, an ability 


to fi a : á 
© fit mathematical models to practical situations. 


Phenix, Philip. Realms of Meaning. New York, McGraw-Hill Book Co., 1964. 
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However, some major problems confront school systems as they 
attempt to implement this goal. How should mathematics materials be 
prepared if they are to cater for persons who possess a wide range of 
mathematical abilities, interests and needs? How should classes 1 
mathematics be organized for these persons? How should teachers 
in these classes teach mathematics to these persons? 


The available evidence shows that the way mathematics is taught, 
and the materials used for teaching it, have tended to remove mathe- 
matics from the conscious minds of certain persons on whom the 
community depends for its welfare and well-being — the farmer, the 
agricultural worker and the housewife. When, for example, mathe- 
matics is taught away from the context in which the subject occurs in 
real life, the learners may acquire the skills needed for doing com- 
putations and simple applications, but they will seldom be able to apply 
their mathematics when they think about the everyday problems they 
meet as citizens. Curriculum development in mathematics should 
therefore attempt to define that body of mathematical skills, facts, 
concepts and principles which are needed for everyday life and to 
devise a suitable pedagogy for transmitting, in a useful way, this body 
of knowledge to every member of the community. 


Briefly, the body of mathematical knowledge needed for everyday 
life would include much of what is now called arithmetic, algebra: 
geometry, statistics and logic. But the way any body of knowledge }§ 
transmitted is an integral part of the knowledge. So, even if the conten 
used to give concrete embodiment of the concepts studied (or to 
motivate the study of the concepts) is not part of the body of mathe- 
matical knowledge as such, its transmission will serve to forge linkages 
between mathematics and its contextual use. Great emphasis should b 
placed on the mastery of skills and on simple applications in algorithmi? 
form. Nevertheless, the way the mathematical skills are acquired ©? 
influence a person’s way of thinking about the social, economic an 
political issues that swirl about him at all stages of day-to-day living: 


Goal Two: The contribution of mathematics to the cultural develoP 


ment of society. 
ds 


el 
In any society, mathematical activity should be recognized, nuria bé 
and preserved as an integral part of the culture, and it show eses 
developed as a major dialectical force in creating cultural synt 


_ The people of every society are confronted with the proble ai 
inducting the immature members into the ways of the group: 7 fro 
tive societies, the individual acquires the ways of the eFOUF punt: 
association with adults in their daily activities. The boy learns t ing wp 
to till the soil or to shape the tribal tools. He does this bY shar! 
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S i p 

ore — ways, in these activities with his elders. In literate 
Suen E ENON in the ways of the group is done through a 
called a a i experiences organized by specialized institutions 
culum of a he set of experiences 1s usually described as the curri- 
feople thi eo The curriculum then is a reflection of what the 
Bes nk, feel, believe and do. To understand the curriculum, it is 

ary to understand at least what is meant by culture. 

es!!, a culture is the set of 


According to Smith, Stanley and Shor 
bjects, methods of thinking, 


i è 
an aaea, beliefs, skills, tools, aesthetic o c : 
{he me ri institutions of a given society at any given time. The way 
stories i ers of the society make a living, the games they play, the 
they ¢ hey tell, the heroes they worship, the music they play, the way 
oer, are for their children, their family organization, their modes of 

sportation and communication — all of these comprise the culture 


ofa people. 
ture; and it is the elements of the 


receptive nervous systems, 
hts and deeds that make 


Oe ris beings are born into a cul l 
which E on and interacting with their 
huma esi the habits, beliefs, thous 
exte n beings what they are. In any society, most persons act to some 
eile as transmitters, mediators and valuators of the mathematical 
cul culture. They carry and sustain the mathematical traditions in the 

ture, in many minor ways — by, for example, doing simple com- 
Putations required for shopping; borrowing money Or using a recipe. 


tis conception of mathematics traces back to our Egyptian heritage, 
rules for handling quantitative 


Sake mathematics was a body of gq) A 
fat ems arising in the workaday world. However, the principal mathe- 
m ical elements in the culture will be possessed by professional mathe- 
aticians and by those who work in certain professions that employ a 
great deal of mathematics. This, in a sense, could be described as our 


Greek heritage. 


ms direction that mathematics takes in a culture is guided by the 
maigious, philosophical, agricultural, industrial and also the mathe- 
atical components of the culture. To most laymen — as against 


op Nematicians and mathematical scientists — mathematics is thought 
Of as a fixed body of truth, to be learned convergently, and epitomized 


i 
: ‘an statements as 
© and 1 are 2’, and 
—1 times —1 is +1’. 
Sue ee grows under the „influence : 
ionary and diffusionary forces- Given a sui 


of a complexity of 
table juxtaposition of 


u 
Smith, B.O., Stanley, W.O., Shores, JH. Fundamentals of Curriculum Development. New 


York: W 
ork: World Book Company, 1957. 
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ideas, either in the mind of an individual or in the minds of a group, 
certain syntheses take place and new concepts come forth. Mathematics 
does not grow because a Newton, a Riemann, or a Gauss happened to 
e born at a certain time; great mathematicians appeared because the 


cultural conditions — and this includes the mathematical materials — 
were conducive to developing them.’!” 


Goal Three: Mathematics as an educative force in every person’s life 


Mathematics should be a major component of every person’s education. 
But this mathematics requires a new definition and its nature needs to 
be reinterpreted. What seems critical in the reinterpretation is to 
include in the content of mathematics the end product, as well as the 
whole domain of activities in which mathematical ideas and procedures 
‘germinate, sprout and take root, and in the end produce the visible 
upper branching, leafing and flowering which all we here so value and 
which wither when uprooted.’!3 


The 1960s and 1970s were remarkable for the exciting directions 
taken by science and technology, and for their impact on society. In 
particular, the 1970s were a decade of scientific revolution, from which 
emerged new ways of expressing the aspirations of mankind, new ideas 
about man’s relationship to man and also man’s relationship to his 
environment, new tools for controlling and exploiting nature and new 
areas of investigation and research. In all these activities, mathematics 
has played a central role. Thus d’Ambrosio !4 was moved to state ‘The 
main objective of mathematical education . . . is to develop the ability 
of individuals to identify mathematics in intellectual experience, an 
distinguish mathematical reasoning and method in all situations whet 
they are either present or can be potentially inserted.’ 


Today’s world is explained and defined in terms of science, mathe 
matics and technology. Every person needs to understand the world i? 
which he lives and to contribute to its growth and development. 
person needs to use the power and pattern of mathematics which 1s 
accessible to him or her through certain abilities (ability to use symb? 
to reorganize patterns, to organize data, to draw conclusions) and 
understand the role of the mathematician in the society. 


es ition 
Wilder, Raymond L. Introduction to the Foundations of Mathematics. Second gn 
New York: John Wiley and Sons, Inc., 1965. p. 293. ica! 
hematit 


13 3 A ce ii 
Hawkins, David “Nature, man and mathematics”, In: Development in Mal catio 
Education: Proceedings of the Second International Congress on Mathematical È 
edited by A.G.Hawson. Cambridge, Cambridge University Press, 1973. p. 43. 


14 i 
: - 7 ; ing Cg 
niet, U. “Overall Goals and Objectives for abstracted Mathematics ae fath 
© we teach Mathematics?)” In Proceedings of the Third International Congres® ipg Co 


matical Education, edited by Hermann Athen and Heinz Kunle, Karlsruhe. Organist 
mittee of 3rd ICME, 1977, p. 225. 
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eee he implications of identifying these activities (and logically 
maties ig them to form a goal of mathematics) touch on the mathe- 
E R in schools as they are currently organized (primary, 
the ta pi and further). Thus, it is necessary to focus on the content, 
relati aching methods, the actual teaching, the materials used and the 

ionship between the school mathematics programme and the 


activities of the community. 


M point is that it is no longer enough to think of educational 
fon (as was the wont of educational reformers during the 
hes nd and 1970s as primarily a matter of improving the interactions 
a eacher and learner, while regarding content as of secondary 
to sea Such reforms are far from adequate. Not only do we need 
beh vise methods which would allow the emergence of creative 
aviours among teachers and pupils in the mathematics classroom, 
a most important, the methods should allow the mathematics of the 
assroom to penetrate other subjects of the school programme and 
i external world. Moreover, the external world should impinge on the 
athematics to be studied in schools (primary, secondary and further). 
ea last condition is necessary to ensure that the mathematics is 
: ght in useful ways, using useful materials, to persons with a wide 
ange of abilities and interests and needs; and that mathematics be 
Organized and taught as ‘a variable that has loadings on a convergence- 
i ence factor, on a syntax-substance factor, and on an objectivity- 
Jectivity factor.’!5 
eatly upon the way teachers 


Succes, ; 6 r 
sS in achi his goal depends gr 
oyimga PE á re severe. They must have a 


Snave as tea ds on them a 7 
tonnded, ee oe  sompbatiensive view of mathematics. Their 
aoe is therefore critical. It should convey knowledge of the cultural 

© of mathematics, knowledge of the critical contribution of mathe- 
matics to technology and science, experience of teaching mathematics 
© those who do not intend to become mathematicians or mathematical 
onentists, and ways of teaching persons from different sub-cultural 
Orientations, These components of the training programme seem to 
constitute necessary conditions tO ensure that the teacher presents 
mathematics usefully to his pupils so that the mathematical mode of 
id Ought is revealed as one of the most elegant ways of expressing their 
“as, of organizing their experiences and of finding meaning In their 

Ctivities, 
therefore be experienced 


Mathematics as an educative force must 
a counting experience to 


Y all members of society — not merely as 


Is 
Steele, J.M., Walker, Herbert T. and House, Ernest R. “Subject areas and cognitive press”. 
urnal of Educational Psychology, Vol. 66, 363-6, 1974. 
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find out how much less to pay for an article which is on sale at 25 pet 
cent discount, or to calculate income tax refund for a given year. 
must give the learner some taste of the power and beauty and elegance 
of mathematical argument. 


The teaching of mathematics must also help the learner through 
experience to appreciate the contributions that have been made to this 
mode of thought through the use of symbols, tables, diagrams — the 
‘language’ of mathematics. Through its language, mathematics has 
achieved remarkable precision and clarity in describing and commun! 
cating ideas. It possesses, also, tremendous flexibility in the management 
of ideas. This latter characteristic makes it possible for us to be 
creatively constructive as we think about our experiences and ideas. 


For example, the concept of ‘a limit’ is a basic one in mathematical 
thinking. It is a fruitful way of thinking about certain ideas and of 
describing some problems. Mathematicians have therefore always felt 
the need for a logically sound and rigorous definition of ‘a limit’ in 
order to communicate its meaning precisely. The set of symbols which 
is usually used to show a limit is: 

lim f(h) = b, 
h a 

The essence of this statement is that f(h) can be made to take 0? 
values as close to b as may be desired, by giving h values which are clos¢ 
to a. All this can be precisely stated as follows: 


Wwe > 0, 45 > o, Whin the domain off, 


fo H(hoalse f = (TH bi<e 
Mathematics is not merely the subject we study to become matig 
maticians, engineers, carpenters and sales-clerks. Mathematics 1$ “he 
about the subject we should study in order to participate !" ing 
thinking that pervades all society — in a good argument, in organi? pe 
our ideas, in coping with abstractions. But, to achieve this 802° jn 
subject must be organized and taught very differently from the wā 
which it is usually taught. 

scal 
ticê 
Goal Four: Training of mathematicians and other mathemê 


scientists tf 
j 


A major goal of mathematics education is to identify person’ aop 
mathematical and scientific aptitudes, and to encourage the!” i sio?! 
ment. The interplay between mathematics and the sciences (P which 
and social) is an essential feature of mathematics, by virtue 
mathematics serves and is served by the sciences. 
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gtk oc matter of a science is a collection of sense data which at 
ome vate em chaotic. In search of order, the scientist seeks to find 
"sito rn which may fit the data, more or less. This allows him to 
PRC Bie eo questions about the data and the phenomenon 
bral n the data. The mechanisms which are used to find these 
S e to express a pattern in a useful way, are almost always 
saree ical. In particular, the symbolic formulations of mathematics 
ae ique contributions to: 
z Siei ik a phenomenon in its generality; 
F lating data from a variety of phenomena; and, 
permitting new meaning to be given to certain phenomena. 
given rise to new careers, 


thereby, 


Wa applications of mathematics have i ) 
and a those associated with operations research, information theory 
think ra and careers in which mathematics 1S used not only to 
bee out, and to solve more efficiently, the problems of agriculture, 
E E education, psychology and medicine, but also to gain 
Firth y new insights into these subjects and to create new syntheses. 

er, in stressing the interplay between the needs of the community 


a . . . . 
nd the needs and interests of individuals, it is not intended to give 
or to make mathematics a 


ion of what is ‘useful 
hosen for study should ensure that 


t 
t “learners experience high motivation, 
is consonant with the dominant cultural values of learner and 


t 
cacher, that the content relates to the interests of the learner, and the 


needy of the society, and that a psychological and philosophical close- 
and society. This interaction 


koa encouraged between schools A i 
the é en mathematics and other subjects and between mathematics an 
ae world can be effectively sustained through project work in 
Wor 1, or by the study of real-world practical problems. Such project 
into Provides the learners with insight into ‘model building , insight 
world. ® bridge between abstract world of mathematics and the real 
Memh, and confidence in mathematics as something they can use as 
mbers of society. 
Lighthil!® has argued that, in each society, the development of 


mathematics curricula needs to take into account the interaction 
and to bring out the fact that 


et ; 
are mathematics and that society, l 
ut major use of mathematics is not only in the analysis of problems, 
> aD for synthesis, as in engineering design or in the statistical design 
Xperiments. Thus Lighthill identifies: 


Thi j i i 
erd Inte j matical Education, € 
ittee of 3rd ICME. 1977. p. 31. 
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— a mathematics of the environment, in which mathematicians have 
formulated and used mathematical models of environmenta 
processes and developed effective computable algorithms tO 
implement those models because ‘we care about the air we breathe 


— a mathematics of efficiency, in which mathematicians have designed 
ways of improving the utilization of resources and of optimizing 
tactics because ‘we care about jobs... . °; 

— a mathematics of planning in which mathematicians have defined the 


dimensions of a system, because ‘we depend also upon trade’. 


Goal Five: Mathematics as a science with its own unique characteristics 
and beauty 


Mathematics, as an invention of man’s mind, seems to resemble closely 
the workings of nature. As Langer!” put it: ‘The relationship of one 
variable to another, which is the essence of the definition of the 
function, is discernible in all manifestations of nature, and no less in the 
workings of such man-made disciplines as economics, education, and 
polities.” sorena ‘It is because of the ubiquitious prevalence of functional 
relationships that mathematics insinuates itself into all fields of human 
thought.’ 


Over and beyond these important contributions, the study of mathe- 
matics contains exciting vistas which seem to reside in the subject 
itself. In other words, the beauty, the internal structure and the patter” 
of mathematics contain unique and significant features that make 
mathematics a study worthwhile in itself. These features may 
delineated in many ways, two of which will be sufficient for the scop? 
of this paper. 


4 orcas ical 

A unique contribution of mathematical thinking is mathematic 

proof. Mathematical proof goes much further than merely car ay 
orating practical experiences; mathematical proof raises comple 


new questions and creates completely new syntheses. 


e 
The Pythagorean discovery of incommensurables is a classic exam 
of this. No amount of piling up of practical examples, no arguemen 
the practical man was sufficient to have led to the discovery ° t rati? 
mensurables. The discovery that /2 could not be expressed as ack as 
of two whole numbers served to convince Greek thinkers, aS far bt 
2,500 years ago, that mathematical reasoning should loom 
person’s intellectual growth and development. 


Jarg? 


d 
ed pey” 
pe 


gto” 


Again, when studies in any field or subject area are press 


17 3 hini 
Langer, Rudolph E. “Functions”. In Insights Into Modern Mathematics. Was 
The National Council of Teachers of Mathematics, 1957. p. 241- 
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the primiti . 
5 pe nat gerd am ES mathematics is brought into the 
where: the a he studies are thereby lifted from the empirical level, 
lection of Lon preoccupation is with observations (that is, the col- 
underlying oa data) to an intellectual level, where the search for 
gleaning ee re of order is the primary concern. Then, after. 
the field, the ubject matter of mathematics from the subject matter of 
outcomes = T of mathematics can be brought to bear. The 
fully PHS infrequently, can be entirely unexpected and delight- 
Speed at a ng Thus, for example, the mathematical analysis of the 
equal in oe instant of an accelerating body turns out to be 
Conversely a to the gradient of the tangent drawn toa smooth curve. 
e equal in T distance travelled by an accelerating body is found to 
Scarcely be ps ue to the area under a smooth curve. Such results could 
of its uni oreseen. This element of ‘surprise’ in mathematics is one 
Possibilit ique as well as one of its most attractive features. The 
ity of experiencing this refreshing characteristic is part of the 


UAR ives 
an birthright. It should be passed on. 


Conclusion 
ey 


pment, have been motivated 
reful analysis of the rural 
f well-meaning rural 
tion? of conflicting 


Th 
hice of mathematics for rural develo 
Problem wo major activities. First, by car 
developn it was possible to describe the failure O 
in ete projects in terms of cultural aliena j 
of a g systems among the different classes of the socièty, and even 
deim se relationship between the poor and the riche Second, by 
ties, vem in broader and more realistic terms for rural communi- 
Creatin ecame morally right to give schools an explicit role in (a) 
& cultural syntheses within the community and (b) equipping 


al 
Persons in the community — youns and old — with useful skills for 


nd allowing them to learn these 


Producj 

skills ne food, clothing and shelter, a them to 

Natio within the economic, social and political institutions of the 
n. 


or activities, the nature of mathe- 
| for other subjects and activities, 
ge for communication, as a 


B 

tee and within, these two maj 
as a mete protean-like, as a too 
record sae of investigation, as a langua i : A 
and acti man’s strivings, as a model of co-operative action, as an object 
some ivity of its own beauty, as 4 foundation for further study for 
tints Ree as skills and knowledge for everyday living, as an oppor- 

or experiencing intellectual excitement; in short, as a way of 


think} 
Inking, feeling, and doing. 
G . 
als of mathematics for rural development are intended to reflect 
d the nature of the schools of the 


e 
logget of the rural problem, an 
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Introduction 


hools during the last two decades, 
been the reorganization of the 
e system. There have also been 
hematics curriculum. 

public awareness 
ht at school and 


There 
e rey pon changes in British sc 
Secondary tamatic of which has 
Changes į schools into a comprehensiv 
n the content of the school mat 


These 
Of the > P ungas have been accompanied by a growing 
ed for ‘links’ between the mathematics taug 


at requi 
quired for employment and general living. 
ways in which these links are 


f the educational systems in 
der to better appreciate their 


This : 
eing E will discuss some of the 
ich Such lished. An understanding © 
Nature, links occur will enable the rea 
described, are those of 


schools 
endence, but is closely 


of indep! 
tems in Scotla 


The 
s 
ystems, and the curricula of the 


~Ngland 
and Wales: Wales has a measure 


Inked wi 
with the English system. The sys nd and Northern 
cts, are separately administered, 


Teland, whi 
> whilst similar in certain aspe 
in detail from those of England 


and th 
e ; 
and Wales, a of the schools differ 1 


Educational Systems 


T 
he School System 


Mos 

t å 

imay ae start school when they be 

to a lit Sy pupils until they are aged d 
ndary school. Local Education Authori 


admin 
nist 
Tesp er the schools, and they emp. 


this 


come 5. They continue as 
1 or 12. They then transfer 
ties (LEAs) build and 
onsibl loy the teachers. In law, LEAs are 
Tes e for the school curriculum, but, 17 practice they delegate 
Eng eae ny almost entirely to each school. Thus, teachers in 
“Olleagy and Wales ‘enjoy’ a freedom not shared by many of their 

€s in other countries. The independent schools, which are not 
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under the control of the LEAs, cater for about 5 per cent of all school 
children. 


The role of the Central Government is assumed by the Department 
of Education and Science (DES). It is not easy to define. DES is 
responsible for decisions on overall policy, and for co-ordinating the 
work of the LEAs, but it has no direct control over school curricula. 
Any major changes in policy have to be approved by the Secretaries 
of State for England and Wales. 


A central role in the development of the curriculum is played by the 
Schools Council. This is an independent body, financed partly by the 
Central Government and partly by the LEAs. The Schools Council 
initiates research, and funds development projects. Its large number 
of committees provide a forum for discussion between representatives 
of those associations of teachers with an interest in the school 
curriculum. 


There are two major systems of external examination to cater for 
the different ranges of ability. The first is the General Certificate of 
Education (GCE). This operates at Ordinary Level (‘0’) for pupils 
aged 16, and at Advanced Level (‘A’) for pupils aged 18. The GCE ‘O 
level caters for the most able 25 per cent of the population. There are 
eight independent GCE Examination Boards for England and wales; 
with committees on which teachers are represented. They provide a 
range of syllabuses from which teachers select. These examination 
boards have links with the universities, and their examinations are use 
as criteria for entry into higher education (i.e. into universities an 
polytechnics). 


The second system, the Certificate of Secondary Education (csE) 


was intended to provide examinations for approximately the nex at 
per cent of the ability range. In practice, since all pupils have to sta a 
school until the age of 16, a greater percentage take CSE. There to 
fourteen CSE examination boards. These boards encourage teacher s 
design their own mathematics syllabuses, and to set their gure 
examinations, if they so choose. An external moderating proce 
ensures comparability of standards. 50 
It is intended to reorganize the present systems of examination? r6 
that, by 1986, there will be one common examination system ovel 
year olds. It is expected that alternative papers will be offered tO 
the wide range of ability examined. 


The Continuing Education System for 16 to 19 year olds 


ich 19 
i wish 
At the age of 16, students have a wide variety of routes if they tio 
continue their education. Some stay at secondary school t° 
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= oes in the ‘sixth form’. Others continue at a separate ‘sixth 

trike ege . Yet others go on to full-time education in technical (or 

vocate education) colleges. These traditionally have provided 

the ki a education. But they are now increasingly providing as well 

of si of courses available in schools. The majority of 16 year olds, 

eda urse, leave school for employment. But this may require part-time 
cation at colleges of further education. 


When pupils enter college they are called students. Sixth form school 


a or college students with appropriate qualifications may ibe 

mn for a university course. The term ‘continuing education is 

ie used to include both ‘higher education’ (in universities and poly- 
chnics) and ‘further education’, described in the next section. 


T 
he Further Education System (Vocational) 
st links between education, 


Thi 
IS system provides one of the stronge c 
on leaving school, go 1m- 


ens ari industry. Many pupils, l ; A 
tim ately into employment, but continue their education on a pari 
ony basis. This usually means that they are released’ from their 
ed Ployment to study for one day each week at a college of ee 
oa The education they get at such a college is vocationa ly 
o tentated, but it does include some ‘general’ studies. The vocationally 
tientated clement harmonizes with the training given by the employers. 
ringed Students who were unsuccessful at school feel that the part- 
si day-release system of education provides them with a new 
PPortunity to study with a specific training goal in view. 


One of the largest and oldest examining bodies is the, City and cae 

sA London Institute (CGLI)' _ It is concerned with tes nE - 
rtifying competence in technical and vocational jobs of a ae 

ee courses have been developed for some 300 ST ea 
jects for colleges and schools to use not only in the United King 


u 
t also overseas. 


of 


ee also provides ‘Foundation Courses’. These n be ee id 
ae in full-time education at secondary schools tot courses are 
ri or CSE courses are not entire aa ting Studies 
ailable in Agricultural Industries, Art an ae te ymmunit À 
Senuneeting, Nursing and Allied Professions: Pub an ; sr enti 
oat and many others. Other courses leading to the aw r 
€s are also available at the early employment stage- 


m One Characteristic of the CGLI courses is that such sg a a 
aY be involved is not taught or examined as a separate subject, Du as 


1 
2 and Guilds of London Institute, what it is and what i? Published by City and 
ilds of London Institute, 76 Portland Place, London wl - 
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an integral component of the course. The aim is to ensure that the 
mathematics is used in the context of its need. 


One exception to this rule is the new course offered in numeracy: 
This course has been designed to improve the numerical skills needed 
for most industrial and commercial operations. It may be taken prior 
to, or in parallel with, a vocational course. It could thus form a new an 
useful link between school and employment. 


To embark upon a CGLI course, it is not normally necessary for 
someone who leaves school at 16 years of age to have obtained a GCE 
ʻO’ level pass or a CSE grade. Traditionally, an employee who 1$ 
accepted to train as a skilled craftsman will leave school with a cs 
grade 4 or less. Now, however, with rising unemployment, employers 
can be more selective. 

The Royal Society of Arts (RSA)? is another long-established 
examining body. RSA conducts examinations principally in business 
studies, including secretarial skills, and languages. The mathematical 
ingredients, mainly arithmetical, are examined separately, but in the 
context of business studies. 


Two new examining bodies have emerged during the last decade to 
develop appropriate courses and qualifications for technician an 
business studies. These are the Technician Education Council (TEO)? 
and the Business Education Council (BEC)*. 


TEC courses provide a qualification for students employed an 
technical fields who aspire to supervisory duties and to similar posts A 
responsibility. BEC courses likewise provide for students employed e 
commerce and business. Pupils leaving school who wish to enter 
technician course are required to have a minimum qualification of 
grade 3. 

ith 

TEC and BEC, being both new, are, for the time being provided a 

administrative services by CGLI. This arrangement provides 4 ue 


link between the various categories of vocational courses. 


ass 
Figure 1 below attempts to summarize in pictorial form what P it 
so far, been said about the school and further education syst? athe 
may also assist the reader to appreciate the discussion O p 
matics curriculum in schools which now follows. 


2 : 
Royal Society of Arts, 18 Adam St., London WC2N 6AJ. 


Technician Education Council, 76 Portland Place, London WIN 4AA. 
Business Education Council, 168-173, High Holborn, London we1v 7AG- 
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COMPULSI 
OR 
S : EDUCATION CONTINUING EDUCAT 
econdary — 
= 16 years School/College University/Poly technic 
erminating wi 16 to 19+ 
g years 1 
E ean Ollevel and (Fu i i 
yoa eae rther Education) (Higher Education) 
nee as practised 
GCE ‘o’ } 
20% | 
25% Som 
e School/Sixth Form or C ll F.E. ————> 
CSE pupils’ GCE ‘A‘ level ailega Ek, some we 
a or F.E. + Employment __> HE 
o (TEC/BEC) j 


55% Som 
Somi s School/Sixth F 
papili an Form or College/F.E. ——>-E. 
or F.E.+ Employment 
(CGLI, TEC, BEC) » P 


40% 
20% So p 
} coi F.E. + Employment some CGLI final 

(CGLD — qualification 


Various 


Ba 
5 Highe 
T Educati 
ation F.E. = Further Education 


Fi 
Sure 1 
(Simpli 
plified : 
England ) showing routes between Educational Systems in 


School Mathematics 


Urric 

ulum D 

a evelo 
thematic pment 


Coie: 
nsidereg 
rriculum and must be 


chers have freedom to 
eat variety of mathe- 
boards cater for this 
nd also by offering 


S is an i 
Dose conse meee asi subject of the cu 
matics Content, meth to the school system. Tea 
by off teaching th ethods and teaching styles. A 8T 
themsen Ë fie exists, and the examining 
ves a aaen syllabuses from one another, a 
ber of alternative syllabuses. i 


Attem 
in mathematics 


Currie PS ha 
Ic ave b 
Schoo] a during the fs made to effect major changes 
ast two decades both at primary and secondary 
um projects have been 


lay ey 
ne els. At pri 
pillar x including th ary level, several curricul 
“tion in. understandin Nuffield Scheme. This was designe’ 
mathematical a of mathematics by encouraging 
activities. 
level. Possibly 


h 
the ere have 

Matic a wide peen several projects at the 
Zcomeg Toject ree ‘modern’ syllabus is t è School Mathe- 
tisina and to P). This sought to integrate 4 
Y an ente present mathematics aS one subject. A 
rprise of the private sector of education. Its adoption 
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by state schools may be a sign of the need of teachers for a consistent 
series of text books based on one syllabus. 


It must be stressed that the role of teachers in curriculum develop- 
ment has been crucial. Many teachers have been creatively involved in 
the changes introduced. 


The greatest factor necessitating the need for a ‘fresh look’ at mathe- 
matics in schools has undoubtedly been the reorganization of secondary 
schools on comprehensive lines. This has exposed specialist teachers, 
many of them for the first time, to the whole ability range of pupils. 
Previously accepted content and ways of teaching the more able pupils 
in grammar schools were not necessarily applicable to the average and 
less mathematically able pupils. To attempt to meet the wider range 
of needs, different methods of teaching have been developed. There has, 
for example, been a move away from the text book towards the use of 
work cards for individualized learning. SMP, for example, provides both 
work cards and a series of text books for the ‘O’ level and CSE examin- 
ations. The newest project to emerge commercially is the Kent Mathe- 
matics Project. This project seeks to provide an individualized course in 
mathematics for each child within a flexible scheme, which also 
provides teachers with a means of assessment and diagnosis. It caters 
for the age-range 9 to 16. 


The Current Position in Mathematics 


The current state of mathematics in secondary schools is described 1" 
a recently published report’ of Her Majesty’s Inspectors (HMIs) ° 
Schools. This was the account of an exhaustive inquiry into wha 
actually happens in the curriculum in secondary schools. Mathemati® 
was one of the main components upon which interest was focused. 
method of assessment was based chiefly on normal inspection metho i 
of observation in the classroom and about the school, discussion wi 
teachers and pupils and scrutiny of recorded work. 


P 5 
Some of the observations on mathematics may be summarized f 
follows: e 
z a 
(i) Mathematics is one of two school subjects (English veing i 
other) which have a universally recognized place ! pject 
‘common core’ for all pupils. It is a regularly timetable ee joo 
for all pupils during the first three years of secondary aig 
and, except for a very small number of pupils, continues supi! 
compulsory subject in the fourth and fifth years, ene 
are provided with varied patterns of courses. ols 
ch? 


5 ; o 
Aspects of Secondary Education in England. A survey by HM Inspectors 
Department of Education & Science. HMSO. 
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(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 
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S . 

et per cent of all pupils were following courses leading to 

tiie e ti CSE examinations. (Although CSE was not designed 
er for pupils below about the 60th percentile of ability.) 


a a of courses which can cater for the whole range of 
ee af tea problems, particularly at both ends of the 
wane all schools give adequate time to teaching and to 
eee Ed basic skills, but a concentration on the skills in 
sts ra oe application or any meaningful context does not 
ta the nn to mastery of the skills or confidence in using them. 
cae a ajority of classes the teaching does not aspire to doing 
Maitre han prepare the pupils to answer examination questions. 
E matics is generally too little related to the outside world 
o other subjects in the school curriculum. 


L effect of modern courses on competence in arithmetic has 
roused public interest. In an analysis of the extent to which 
popis following traditional, modern or compromise courses 
es oo in ‘realistic’ arithmetic, the modern courses 

ess favourably assessed. In many cases, compromise 
courses have been developed by schools. Their expressed 
intention is to avoid deficiencies in arithmetic and in traditional 
algebra to which modern courses are believed to lead. In this 
aim the compromise courses have succeeded. 
y be described as ‘traditional’, ‘compromise’ 
roximately equal proportions in 
mmon to the three types. The 
hools to provide compromise 
de traditional courses for their 


Courses which ma 
and ‘modern’ occur in apP 
schools. Much material is co 
present trend is for more sc 


courses, and for many to provi 
less able pupils in the fourth and fifth years- The modern 


courses appear to make more satisfactory all round provision 
for the able and average pupils, but this is by no means an 
automatic consequence of the material. It appeared that teachers 
have had to think more deeply about the raison d'être of the 
material they were introducing- This has been of benefit to the 


general quality of the work they do. 
The provision of a sufficient number of suitably qualified 
am teachers continues to be a matter of concern. 
eu is no indication that the needs of the schools are likely to 
e met in the near future. In addition, 4 substantial retraining 
Programme needs to be devised for between 2500 and 4000 of 
f staffing of schools, 


the existi ili 
existing teachers. The greater stability © 
Which is possible in the future, has the disadvantage that there 
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are some poorly qualified teachers occupying posts who cannot 
be transferred to other duties. 


Other findings of this survey, which are more directly linked to the 
needs of commerce and industry, will now be discussed. 


Links with Commerce and Industry 


The School Mathematics Curriculum and the Needs of Employment 


Despite all the efforts of the last decade, employers continue to give 
vent to their discontent with the lack of competence of their employees 
in arithmetic. This discontent is shared by teachers in further education. 
The writer has been present at several conferences in which employers 
have strongly attacked the influence of ‘modern’ mathematics. 


There is little objective evidence to support their contention. There 
is, however, evidence enough that too many school leavers do not 
understand basic arithmetical concepts, and are not competent in arith- 
metical skills. Some of these pupils have studied ‘modern’ mathematics, 
others ‘traditional’ mathematics. 


The concern has led to constructive action. In 1978, the Government 
set up a Committee of Inquiry (The Cockcroft Committee) to investigate 
and report upon the teaching of mathematics in schools, with particular 
reference to the needs of employment, higher education and adult life. 
The report, which is expected in the later part of 1980, may be ° 
interest to other countries. In 1975, an Assessment of Performanc® 
Unit (APU) was set up within DES. The aim of APU is to produce, ani 
make generally available, national profiles of various aspects of pupil 
performance. Its first report®, just published, discusses its first surv°Y’ 
that of the performance in mathematics of 11 year old pupils ap 
England and Wales. 


A consultative document entitled A Framework for the schoo! 
Curriculum’ , recently issued by the Government, puts forward spec! a 
proposals for a ‘core’ curriculum for all pupils. Mathematics is one ‘Is 
the subjects of this ‘common core’, and it is recommended that pup! 


is 
should devote at least 10 per cent of their time to its study- cont 
document also advocates policies for developing mathematics act in 


the curriculum’. This implies that most teachers should be involve ef 
the use, and therefore, in the teaching of mathematics. Another po 


ort NO- h 


6 3 
Mathematical Development, Assessment of Performance Unit, Primary Survey Rep 
Department of Education and Science, HMSO. £5. net. 


7 4 
A Framework for the School Curriculum. (free) Department of Educatio 
Elizabeth House, York Rd., London SEL 7PH. 
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‘Substantial attention should be 


to a current failure is put this way: 
lationship between schoolwork 


ety at the secondary stage to the re 
preparation for working life.” 


HM : 
Is responded to this document in A View of the Curriculum? . In 


thi 
B say that there is a need for a greater, and much more explicit, 
E A ae, ar, on what constitutes five years of secondary 
consultation. to the age of 16. They assume that a lengthy period of 
Tecord hat will be required to reach it. However, it is of interest to 
idea ofa the Trades Union Council (TUC) has already approved the 
should b core curriculum, and endorses the view that mathematics 
e one of the compulsory subjects. 
se to the needs of the outside 
changes in emphasis in their 
‘s of Secondary 


in Aspect 1 
the needs of the outside 


world? Hen has been the teachers’ respon 
teaching? : there been, for example, any 
Education ome „indications are given 
World the On arithmetical computation and f the gui 
ittie ioa et That ‘teachers tend to be polarised in their 
eard raatna atfietical computation. A substantial number of teadis 
eas hate eee as an end in itself, although the majority 
Nine: elsewhere Eala need to apply computational skills to needs 
divided on t ome times the mathematics staff within a school 
iven to the nis important matter, and quite different emphases 
be © school, In practice of routine skills with different classes 1n the 
cal Ween school other schools a consensus has been reached. But, 
culations with there were wide differences in the extent to which 
of Xtent to l fractions or decimals received regular practice, and in 
in ealistic ap arnoh they were practised with reference to a variety 
au e schools ons It was very common for the schemes of work 
of Su to the p isited to refer to the need to relate the mathematics 
arin’ wisi, Sa of everyday life, but the convincing realisation 
skip etic wa as much more rare.’ The re that, whilst 
Teal Used to i much practised, it was compa ) 
Concern R up further knowledge. And, while t 
medy thi out the lack of basic skills in arithmetic, 
Ons and take the form of more and more sets of 4 
Mee S Wiha identifying the basic number 
heart of the problem. 
ponded to the 


So 

Me 

Ca) of . 

ll for bier curriculum development projects have Tes 

hoe S "sng in mathematics teaching- The main — ots, 

a Only oe emphasis on computation, and the a x 

Titi n arithmeti i a. SMP, tOr exa > 

ng tic, but also in algebr r curriculum 


i 1 2 
S materials with this emphasis- A particula 


uestions on 
deficiencies 


8 
iew of 
the P i 
Curriculum, (HMI Series: Matters for Discussion No. 11) HMSO. 
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development project of the 1960s deserves special consideration in this 
context. This is the Mathematics in Education and Industry (MEI) 
project. This project and the establishment of a ‘Schools and Industry’ 
Committee of the Mathematical Association both grew out of a 
two-day conference sponsored and organized in 1961 by the British 
Petroleum Co. Ltd. The conference brought together a number of 
teachers of mathematics and other interested people to study the 
growing shortage of mathematicians, and the kind of mathematical 
ability required in industry. A new GCE ‘A’ level curriculum resulted, 
and it is highly regarded by some teachers as a sound basis for the 
training of future mathematicians and scientists. It attracts some of the 
most mathematically able pupils in the country, but appears to be 
followed mostly by schools in or near to London. 


Links Generated Outside the Schools 
General Links 


The role of CGLA in providing pre-employment courses, such as the 
Foundation Courses and the Numeracy Course, has already been 
discussed. In addition, a ‘General Employment Award’ has been 
developed as a new approach to vocational preparation for the many 
thousands of young people who each year enter employment without 
part-time release to further education. 


There are other links, some of a more general nature which do not 
necessarily relate specifically to mathematics. The Government, 
through the Manpower Services Commission, created a Youth Oppo!” 
tunities Programme (YOP). This is a work preparation scheme with 
education and training tailored to the needs of school leavers. It 18 
hoped that the scheme will cushion the growing rate of unemploy- 
ment for school leavers. There have been other initiatives, notably the 
Industry-Education Link Projects undertaken by bodies such as the 
Manpower Services Commission, the Job Creation Programme, the 
Southern Science and Technology Forum and the Department 0 
Industry. There has also been a successful Schools-Industry Li? 
Scheme for Science and Technology operated in the country by 
Chemical Industry since 1968. Most of these projects? have been 
concerned with links between schools and industry. 


g 
See, for example; Ruth Rees’ Works: Mathematics: Difficult or Made Difficult? nee 
matical Needs of School Leavers Entering Employment, Conference Report, atic?! 
November 1974; The Acquisition of Mathematical Skills: The Current Trend? Mathe™i 4 
Needs of School Leavers Entering Employment II. Symposium Report No. 11, tics at 
December 1975; The Diagnosis of some Basic Mathematical Difficulties Mathem® 

the School/Industry Interface. Symposium Report No. 12, 1.M.A., December 1975. 
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Mathematical Links 


The Institute of Mathematics and its Applications (IMA) organized in 
the mid-seventies a series of three conferences’? on the ‘Mathematical 
Needs of School Leavers Entering Employment’. Papers were given by 
people from commerce and industry, and by educationalists from 
schools and the further education systems. These conferences provided 
a forum where people from these different sectors could meet and 
discuss their different points of view. The writer feels that the value of 
such conferences is in the greater understanding which can result from 
the discussion. Industry on the one hand appreciates better the problems 
of teaching mathematics in schools, the shortage of qualified mathe- 
Matics teachers and so on, whilst, on the other hand, teachers realize 
that what they teach in the classroom really is of importance in the 


world beyond school. 


The newly established Working Mathematics Group (WMG) provides 
a direct link between school mathematics and employment. WMG isa 
working partnership of industrialists and teachers. It produces instruc- 
tional materials showing mathematics in action in the world of work. 
Approximately forty industries are represented in the Group and 
financial support is provided by several of them. Half of the members 
are teachers in secondary schools or in further education. Materials are 
Produced by members working in pairs, one from industry and one 
from education. The Group has in mind the needs of students who tane 
a Potential interest in a career in industry or commerce or of those wR 
ave just begun such a career. Its initial concern 1s with the 15 to 
year age range. This includes young people who have either left school 
Or college and already have a job, or will soon have one. 
urse in applicable 
ridges capable of carrying traffic 
between employment and mathe- 
to be published in June, 1980. 
Understanding Interest. Other 
ated to engineering, 


The Group is not trying to provide a complete co 


entice, but, rather, to build b 
emer directions across the interface 
ics education. Its first materials are 
Ta are concerned with finance: 
air onal in preparation involve mat 
Craft design, transport and so on. 


hematics rel 


l . P 
»-Education Link Project, An Exploration 

rena Final Report — August 1978. Manpower 
Information and Enquiries: The Director, 
so9 SNH. Southern Science & Tech- 
ting Annual Report 1977. 
Informati Technology Forum, South- 

tion and iries: Director, e 
aapton S09 ana puguis, BE Link Scheme, prepare by Dr. B.A. Haines, Infor- 
ation Officer S h m the Chemical In 
> tion Centre on 

í: Tomikeo ale ee Department, Ashby-de-a-Zouch Grammar School, 
Leicestershire, Published by the Schools-Industry Link Scheme Advisory Committee, 
embic House, 93 Albert embankment, London SE1 7TU. Case Studies of Industry/ 
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Links and Research Studies 


Research studies are of two kinds. One is concerned essentially with 
‘fact finding’, so that rational decisions can, if necessary, be taken or 
so that further research or development may be promoted. Another 
kind of research is concerned with more fundamental problems of 
learning and teaching. An example of the first kind is the Schools 
Council study The Mathematical Requirements of Young Entrants to 
Employment.''. This grew out of a survey of mathematics projects 


involving education and employment, prepared by Professor D. Bailey 
of Bath University? . 


The Schools Council study has revealed many kinds of local liaison 
between schools and industry. For instance, in some places, employers 
are devising various mathematical tests to select school leavers for 
employment. And there are examples of teachers modifying their 
school syllabus to meet the apparent requirements of local industry. A 
particular characteristic of such local groups is the dependence of the 
liaison on individual enthusiasm. The departure of one participant may 
lead to a collapse of the work. There is evidently a need to co-ordinate 


such projects, and for some of them to benefit from a knowledge of the 
good practice of others. 


Another study is that carried out by T. Crudge, a B.P. Research 
Fellow in Scotland, Mathematics in the Community" . This study has 
been investigating the applications of mathematics in employment 1n 


order to provide teachers with realistic examples of problem solving 
which they can use in the classroom. 


The mathematical knowledge and sk 
the engineering industry at the a 


inet mi a Selection of Local Initiatives to Encourage a Better Understanding 2f 
- Industry/Education Unit, De Vio 
Stree, Lom et ro Partment of Industry, Ashdown House, 123 


The Math ematical Re, 


Mat quirements o, 
Publication (in press) 1 


cil 
f Young Entrants to Employment. Schools Coun 
60, Great Portland St., London W1. 
Profe i al 
po DE. Bailey. 4 Survey of Mathematics Projects involving Education and Emple 

~ University of Bath, School of Mathematics, October 1978. 
T. Crud 


ge. Mathemati 
Technol matics 


È x z ê O 
By, Scotlany in the Community, B.P. Research Study. Paisley Colleg 

A. Fitz; f at 
he ie ind Mathematical Knowledge and Skills required by Pupils entering In ond of 
Birmingham, ` ematics in School, May 1976, School of Education, Univer 
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master ; > 
kinds ee Similar studies of the requirements of various 
Cockcroft cen agy have recently been commissioned by the 


Studi 

of aha ore more fundamental nature into the learning and teaching 
Bawal Ga s were pioneered in the early 1970s by the Mathematics 
pre oor at Brunel University. These studies initially investi- 
Biches ematical performance of students at colleges, schools, 
iastiagn le oa institutions and at a university. The aims have been to 
reRons tin arning a, in mathematics and to investigate the 


fet studies originated in further educatio 

college in the various contexts of vocation 

Dön T of further education took it 

matical od students leaving school with a co 
ncepts i is i 

are as filows and skills. This is not the ca 


se. Some of the findings 


oor understanding of basic 


a. 
Many pupils leave school with a P t 
gess few of the associated 


mat . 
sal alate concepts, and they po 


b 
< Some fai 
f; " 
appear a in understanding and certain types of errors 
even und e common among all kinds of students, including 
C. Th ergraduate engineers. 
ese fai 
hey ery and errors have their roots in primary schooling. 
and hi rsist in secondary schooling and continue into further 

d, ats igher education. 

e 
others nn shared by primary school teacher trainees and by 
teachi not specializing in mathematics. This indicates a learning- 
% È caing cycle. 
Xperi 
es teachers of mathematics often do not appreciate 
e ext ure of these failures in understanding, and underestimate 
d The q ent of their students’ difficulties- 

' iy . 
woesing al programme resulting from the research includes 
dean Would teachers possible teaching strategies and teaching styles 
deg; CTOrs t avoid the misunderstandings which give rise to the failures 
un ened W to which students are most prone. Tests are also being 
saderstandings. will make it possible to diagnose the existence of mis- 
edus into gs in the minds of learners when they pass from primary 
cati secondary school and from secondary school into further 


ion 
and 
is for teachers in training- 

etail, 
of pa > Of Publicati 

Education. ications may be obtained from: Mathematics Education Group, Department 

» Brunel University, Uxbridge, Middx- 
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These studies have highlighted the fact that mathematics ule ae 
a continuous process. The kind of learning that takes place at sc a 
first at the primary then at the secondary level, does affect learning 
later stages of training, in employment and life. 


Links through Mathematics: Some Examples. 


The following calculations, amongst many others, were designed by oe 
writer during investigations of the mathematical difficulties experience! 
by school pupils and further education students. They illustrate how 


precisely the same calculation can be embedded in a variety of quite 
different contexts. 


Example one 
(nt See OM GHis wy eee os 
Gi) If 0.16x = 8 then x is 


(iii) Given that Resistance = Potential Difference appliance 
Current 


carrying a current of 0.16 amperes with a potential difference 
of 8 volts has a resistance of 


The first context is a ‘pure’ calculation, the second context is algebraic, 
and the third is vocational. 


A pupil at school will encounter the calculation in the first two 


contexts. If the pupil Studies physics the problem will also be met in 
the third context at school: 


_ thire otherwise it will be met in electrical 
engineering studies in further education, 


Example two 
(i) 0.000011 x 5 X 20 is 


(ii) For an increase in temperature of 1°C a ] mm length of steel 
soe, expand 0.00001 1mm. For an inea temperature © 
C, a 20 mm length of steel will expand by 


Example three 


: 1 1 l 

@ iee k = i 
R 3 T é thenRis..... 

Gi) The effective 


Tesistance R o 
parallel with a 


3 d in 
? f a resistance R; connecte 
Tesistance R js gi 


ven by 
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Example four 


Oe PaE ae Eh AY eee 

i 3 4 8 

(ii) A government report announced that the ‘average’ family (a 
couple with two children) spends one-third of its income on 
housing, one-quarter of its income on food and one-eighth on 
heating. The fraction left for everything else is...--- 


PRRs be seen that the applications of the calculations in the first 
© ie & mples are given in technical contexts, whilst that in the fourth 
sckool Scien context. Many contexts could be chosen from other 
Onen re as well as contexts from employment and living. The 

niversity is at present devising a course called ‘Mathematics 


across the curriculum’. 


os ba Aspects of Secondary Education in England points out 
would 5 Srs, tend to give ‘lip service’ only to ‘realistic’ arithmetic. It 
devise is a time-consuming task, and not an easy one, for teachers to 
the W neir own sets of realistic examples. So the work of a group like 
orking Mathematics Group offers a valuable support to teachers. 

Des writer would emphasize, however, that, whatever the contexts 
matic teachers must always be alert to the real nature of the mathe- 
lid difficulties of their pupils/students. Putting a calculation 1n a 

istic context may motivate, but it does not remove the mathe- 


Matical difficulty. 


Pa sie studies showed 

No one and two, reve 

and aon students did not understand the e 

such on small numbers, that is on numbers 

typi as those in example three, showed that a ¢ 
Pified by 


that problems, such as those given in 
aled that school pupils and further 
ffects of the operators x? 
Jess than unity. Problems, 
ommon difficulty was 


Eaa 


Sch x 4 
Ool pupils and further educati 


o 
with x on the bottom’ (if x was 
problem does not always match that 


rding of students ‘talking 
s, showed that there were 
le the case of 


nts ‘did not know what to 


on stude 
e number). 


nota small whol 


TI , 
of a student’s perception of a 
e teacher! Language laboratory reco’ 


a 
ir way through’ to the solution of problem 
Consider, for examp 


Seve 

ral perceptions of a problem. 
Laa 
x 4 


of equivalent fractions, but had 


Som 
e school pupils used the concept 
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no skill applying the concept. Some were thoroughly confused because 
‘x is on the bottom’. More mathematically able pupils, and older 
students, saw an equation and ‘multiplied both sides by’. Further 
education technician students used ‘cross-multiplication’, whilst many 
craft students were thoroughly confused like the pupils. Scientists 
said ‘it’s a reciprocal’. A few very able students said ‘turn both sides 
upside down’. 


Language laboratory recordings also reveal, in a way that written 
work does not disclose, the ‘blockages’ which occur when small 
numbers are multiplied together. Several calculations such as 0.9 X 0.9; 
0.8 X 0.8, 0.7 X 0.7, 0.4 X 0.4, may generate correct solutions. It is 
only when the same (but wrong!) ‘rule’ is applied to 0.3 X 0.3 to give 
0.9 that the failure in understanding is revealed. Students are 
multiplying the small numbers as if they were whole ones and then 
‘sticking in a decimal point’ without a real understanding of place 
value, and the fact that when small numbers multiplied together the 
result is an even small number. This is contrary to the student’s inbuilt 
expectation that the ‘numbers get bigger when you multiply’. 


Such calculations look deceptively simple, yet, if there is initial 
conceptual confusion, there is little hope of an application of a correct 
concept to achieve solution. The applications of ‘the inverse’ and © 
numbers less than unity are many and varied. The inverse is used 1n 
many scientific applications, in speed, distance and time problems and 
in other branches of mathematics. It is therefore important that the 
teacher should be aware of the nature of the blockages associated with 
computational concepts and skills, because embedding the computatio” 
in a realistic context can create additional blockages. ‘The writer has 
found that pupils and students first have difficulty selecting the 
relevant data, then the relevant operators and finally the coe 
sequence to solution. Several craft students expressed it thus; ‘We aa 
motivated by the contexts relevant to our work, but all that ‘jun 
(i.e. the words) confuses us. It’s alright when the teacher does it, but 
do not know where to start when we are on our own’. 


One of the secrets of effective teaching must surely lie in select’ 
examples to practise which reinforce understanding. Richa of 
Skemp!® points out that if examples are ‘well chosen, with plen kind 
variability and increasing noise, there should be no chance of this dies 
of practice degenerating into rote memorising’. The research = theif 
have shown that what pupils learn at school very much af _ atics 
success in further education, employment and living- Mat oi 
education should be thought of as a continuous process from $ 


commerce, industry and to society in general. 


l6 p; 
Richard R. Skemp. Intelligence, Learning and Action. Wiley & Sons, 1979. 
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Conclusion 


ae ee be apparent that, in England, there are many attempts to 
Pn a een school mathematics and employment. The escalating 
and | r of ‘link projects’ indicates a desire on the part of both schools 

industry to try to come together in a better understanding than has 


hitherto existed. Any overview made of the scene and any attempt to 
bjective. In this sense the following 
been made, and such 


mo studies as have been carried out reveal that some links are 
ile and lead to good practice, whilst others are ineffective and lead 
bad practice. There is a danger that the time and efi 
oe and maintaining links may sap the energies of teachers and 
ie their attention from the fundamental problems of teaching and 
info Studies show that what most schoo 
lap of basic mathematical c 3 
a s, and an ability to apply them to a practical problem. But these 
ngs are precisely what industry, commerce and adult life generally 
Tequire. The enormous efforts that have been put into changing the 
hr of the curriculum do not appear to have led to any significant 
Mprovement in these aspects of mathematical ability. 


The fundamental problems of the teacher are surely those associated 
With how pupils learn mathematics, irrespective of its label, ‘modern , 
{raditional’ or ‘compromise’, and irrespective © 
ee of arithmetical concepts and skills in suc 
to honk pe the concepts, deve ae e an 
y them o present proble ne 
concern. There a a mer on the part of mathematicians to 
a that all that is involved in computational mathematics 1s ronte 
st ilis. They have underestimated the depth of the conceptual un er 
anding which average pupils must reach before they are able to apply 


their n ; ers, for their part, seem 
knowledge as a matter of routine. Teachers, sA mpar 


very ; rout , l ; 
st fore: pri w Ci vany sedom do they 
sous oblan a ‘tesselations’ ete. - 1 eet, W 
Problems which involve computation: TM ag in coms 
ction of the symbolism which creates the aithieultios ; 
rit even greater iscus 1. p 

nce both in the 


ars experle 
tional systems should pay 


'ationa 

Writer oa work, This feature should me 
classroom A suggest, as a result of many ye 
Much mor nd of research studies, that educ 


T € attention to the following: 
eachers should aware of the real nature Of t 
difficulties. rale bo m a shown that these difficulties can ne 
quite subtle. Teachers do not usually appreciate the nature 0 


ature of the pupils’ 
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the difficulties. They tend therefore to underestimate the 
extent of such difficulties. 


2. Many teachers suffer often unwittingly from the same funda- 
mental difficulties as their pupils. Until these difficulties are 


eradicated the vicious cycle of inadequate teaching and inade- 
quate learning cannot be broken. 


3. The teaching of the concepts and of the skills should be explicit. 


Too much is thought to be commonplace, and not worth 
pointing out. 


The teaching should aim for understanding by the pupil. 


Understanding requires a better appreciation of the importance 
of language. This requires endless practice. Language should be 
practised orally. And written forms of language should be 
discussed and unravelled orally, until comprehension is reached 
and a decision on action to be taken can be made. (The writer 
has been trying to persuade teachers to use the language labora- 
tory for mathematics.) 


6. Mathematics should be employed more effectively ‘across the 
curriculum’ 


in schools. And examples of the applications of 
mathematics in the world outside school should be brought into 
schools. 


If a pupil leaves school with a mastery of the concepts of number 
and of the skills associated with the handling of numbers, then 


employers and teachers in further education and other people involved 
in training will be better able 


to concentrate on the applications to the 
context of a specific job. 


Finally, the writer believe 
forged with society. This is 
that mathematics plays i 
nature and of the universe, S 
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Goals of Mathematics as a Reflection 
of the Requirements of Production’ 


The principle of connecting school with life is one of the fundamental 
principles of Marxist-Leninist education and of educational policy in 
the countries of real socialism. For its implementation, polytechnical 
education and training is of central significance.” 


We understand polytechnical education and training to be ‘a specific 
orientation of general education so as to qualify the young generation 
for productive work, and for mastering the tasks associated with 
science, production and technology’. Mathematics Education, which 
is imparted in our schools as a component of general education, also 
requires such an orientation for similar reasons. It is the purpose of 
this article to describe how this orientation is accomplished for the 
mathematics teaching given in the ten-year general polytechnical 
secondary school, the integrated normal school for all children and 
young people in the German Democratic Republic. Mathematics 
teaching in the stage leading to matriculation for higher education 
(Abiturstufe) — a stage followed by only some of the school leavers 
from the ten-year secondary school — will not be dealt with here. 


Mathematical education in the ten-year general polytechnical 
secondary school is acquired mainly, but not exclusively, in mathe- 
matics teaching. Consequently, its objectives, content, methods, means, 


Abridged and edited version of the author’s paper “Polytechnische Bildung und Erziehung 
im Mathematikunterricht der allgemeinbildenden polytechnischen Oberschule der DDR” 
[Polytechnical Education and Training in Mathematics Teaching in the General Polytech- 
nical Secondary School of the German Democratic Republic], in: Polytechnische Bildung 
und Erziehung im mathematischen und naturwissenschaftlichen Unterricht in der allgemein- 
bildenden Schule der DDR und der USSR [Polytechnical Education and Training in Mathe- 
matics Teaching and in Natural Science Teaching in the General School in the German 
Democratic Republic and in the USSR]. Worked out by a group of authors headed by 
H. Frankiewicz, Volk und Wissen Volkseigener Verlag, Berlin 1979. 


2 See Dietrich, G., Kistner, R. and Voigt, H.: Zur Demokratisierung der Bildung und 
Erziehung in der DDR [ON the Democratization of Education and Training in the German 
Democratic Republic] . (unpublished). 


Frankiewicz, H.: Die polytechnische Bildung als Allgemeinbildung [Polytechnical Edu- 
cation as General Education] . Pädagogik, No. 12, 1972, p. 1119. gi 
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and forms of organization must be determined in such a way that 
it can both meet the requirements of polytechnical education and 
training (as a central task to be resolved by the socialist school) and at 
the same time implement its other objectives and tasks.* What this 
requires, in detail, is essentially determined by the role of mathe- 
matics in production, in technology and in other sciences, and by the 


demands which result from this for the mathematics education of the 
working people. 


The Role of Mathematics in Production, Technology and 
other Sciences’ 


As a result of the scientific-technological revolution, the significance 
of mathematics for production, technology and other sciences is 
continuously growing®. In addition, it is penetrating more and more 
fields of human activity. Mathematics is, for example, playing a growing 
role in the planning and Management of socialist production, in the 
comprehensive protection of the socialist community of states, and in 
many fields of research and development. 


Mathematics has developed from Practical requirements: those of 
land surveying, of time 


Gnedenko, B.V.: 
In: Mathematik in 
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matical models, and can even be partially optimated. This also applies 
to problems of distribution, transport, communication etc. In addition, 
there are some technologies which only become possible by applying 
mathematical findings and methods. Such applications of mathematics 
can considerably decrease the cost of a unit of production or of 
transport. In this sense, mathematics is a scientific basis for almost any 
planned process in the fields of research, development, production, and 
distribution, and for the solution of tasks and problems in many other 
spheres of social practice. In this broad field, electronic data processing 
plays a special part. Electronic equipment makes it possible to master 
the processing of data (which crop up on a large scale in the various 
tasks mentioned) by means of elementary mathematical operations. 
The processing is done with such rapidity and with so little labour 
that it is becoming worthwhile for more and more institutions to use 
electronic data processing. Computers and micro processors also make 
it possible to apply modern technologies in production — technologies 
which could not be applied without this equipment.® 


It is also a characteristic of the application of mathematics in social 
practice and in other sciences that there are, in general, no unequivocal 
classifications between the individual disciplines within mathematics 
and their fields of application. This is the case with such natural 
sciences as the physics of semi-conductors, the chemistry of blast 
furnaces, or agricultural chemistry. The reason is that the abstract 
structures and the statement of problems investigated in individual 
fields of mathematics appear in very different spheres of human 
activity, and also in very specific concrete manifestations. Therefore, 
even relatively simple and special mathematical methods can frequently 
be applied in very different social fields. The broad field of applying 
linear optimization, and statistical quality control are such examples. 


But, also, very abstract theories, such as mathematical logic or 
Boolean algebra have been applied in a very broad way in many fields 
of social practice as a consequence of the mediation of electronic data 


processing equipment and cybernetic systems. 


The Contribution of Mathematics Teaching 
to Polytechnical Education and Training 


In a socialist society, such a comprehensive utilization of mathematics 
cannot be the individual concern of specialists (mathematicians, 


g The Realization of the Resolutions of the 9th Party Congress of the Socialist Unity Party 


of Germany in the Field of Electrical Engineering and Electronics, Resolution of the 6th 
Session of the Central Committee of the SUP, Neues Deutschland, 27 June 1977, p.4. 
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scientists of other disciplines, technologists, economists etc.). Rather, 
it is desirable that working people should use mathematical findings and 
methods directly in their work, or use them indirectly with relevant 
equipment. For this, mathematics teaching at the general school must 
create the essential foundations and preconditions. 


To do so is not easy. The application of mathematical methods and 
processes in social practice are extremely specialized and efficient. And 
they are more and more connected with the use of expensive equip- 


ment. The introduction of these mathematical applications into school 
teaching would lead to a confusin 


would never be mastered anyway, 
arrange in a systematic manner. 


requirements which wi i =e 
o , as 
well as later — on the j oe further training 


Nowadays we make the assumpti i ini 
À 3 Ption that this training can only be 
achieved by mathematical education orientated toweri: those funda- 


ch are needed both for on-goi i for 
use in other school subjects and in life, The « e eonan 


this requires a 
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of mathematical skills is relatively low. It is the ability to apply this 
knowledge to mathematical and non-mathematical circumstances and 
tasks which is the hallmark of fruitful mathematics education and 
training, and particularly for polytechnical education and training. 
Therefore, mathematics teaching in our general schools is orientated, 
not so much towards imparting comprehensive mathematical know- 
ledge, but towards using to the maximum the mathematical knowledge 
that is imparted. 


The young generation should also be prepared to cope with an 
increasing application of mathematical findings and methods in their 
later vocational activities. This means providing them with lasting and 
fundamental mathematical skills — skills which are solid, well-founded, 
extendable, and applicable in a high measure, and forming a basis for 
learning all their lives. 


This does not, by a long way, exhaust the significance of mathe- 
matics teaching in polytechnical education and training. There is also 
the need to connect the development of the above-mentioned know- 
ledge and skills with the development of general mental abilities, with 
qualities of thinking and with intellectual habits, which the pupils need 
not only at school but also in their future jobs. A big part is played in 
this by disposability, self-reliance and creative work. 


Finally, preparation for work and vocation also necessitates the use 
of the educational potential of the subject-matter and the processes 
contained in mathematics teaching. The general aspects of mathematics 
teaching emphasized above (with regard to content and methods) are 
not only essential for the realization of polytechnical education and 
training. The development of fundamental mathematical knowledge 
and skills is also significant for objectives in the field of mental 
education. This multivalence of objectives in mathematics teaching 
is also valid for the general school, and is thus valid for compulsory 


education generally. 


The Implementation of Polytechnical Education 
and Training in the Framework of the Objectives 
and Contents of Mathematics Teaching 


The mathematics course in the curriculum is orientated towards the 
content of the science of mathematics, on its method and processes, on 
its ways of working and thinking, and its educational usefulness. The 
essential objectives of mathematics teaching comprise the acquisition 
of fundamental mathematical knowledge and skills, with special regard 
for their applicability to mathematical and non-mathematical tasks and 
of statements of problems. The implementation of these objectives 


83 


Studies in Mathematics Education 


i tics 
is for deeper penetration into the science of mathema 
ae he ed the development of elementary secs oe 
skills in the application of mathematical methods to life. 2 aps T i 
the complexes listed below of the mathematical knowle T E 
to be acquired by the pupils are of special significance for poly 


Working with Numbers and Quantities 
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on for the realization of poly" 
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polytechnical education and training, the following are in need of 
emphasis.’ 


— Special emphasis needs to be placed on mastering the fundamental 
knowledge and skills of working with numbers and quantities, as are 
applied to many processes, especially in mental and written cal- 
culations. 


— To this end it is necessary also to impart a certain minimum of facts 
and formulas to be reliably memorized. The teacher should see to it 
that the pupils use these consistently and self-reliantly in solving 
problems. This is an indispensable precondition for rapid, efficient 
and reliable work when no aids or storage are available, as is often 
the case in every-day life and in later vocational work. 


— The use of aids for calculation (numerical tables, slide rules, pocket 
electronic calculators) and storage (numerical tables, collections of 
formulae) must, on the one hand, remain restricted to such cases 
where it is sensible to employ them, but must, on the other hand, be 
planned and used more systematically and reliably than at present. 


— It is essential to develop sufficiently exact conceptions of the order 
of magnitude of the given or calculated values (numbers and 
quantities) which are used in every-day life, in polytechnical instruc- 
tion and in other school subjects. 


— Special attention should be paid to developing skills in making ‘rough 
calculations’. The following are especially important: 


-rapidly finding the approximate result (this often will suffice to 
answer the problem stated); 

- determining the order of magnitude as an auxiliary problem (e.g. in 
using the slide rule) or checking a result calculated in a different way 
(in the sense of checking whether a necessary condition for the 
correctness of the result has been fulfilled). 

— It is especially important to get the pupils into the habit of checking, 
and of finding their own ways of checking the answers to as many 


problems as they have to solve. 
— Furthermore, to acquire in measurements and calculations an under- 
standing of necessary and adequate accuracy. 


2 Sotschek, P. Zur Verwirklichung der polytechnischen Bilding und Erziehung im Mathe- 
matikunterricht beim Arbeiten mit Zahlen and Grössen sowie mit Gleichungen, Un- 
gleichungen und Funktionen [On the Realization of Polytechnical Education and Training 
in Mathematics Teaching in Working with Numbers and Quantities and with Equations, 
Inequations and Functions]. In: Polytechnishe Bildung und Erziehung im mathematischen 
und naturwissenschaftlichen Unterricht in der allgemeinbildenen Schule der DDR und der 
UdSSR [Polytechnical Education and Training in Mathematics Teaching and in Natural 
Science Teaching in the General School of the German Democratic Republic and the USSR]. 


loc. cit. pp. 62. 
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— A deepened understanding of central mathematical and theoretical 
terms used in ‘Working with Numbers and Quantities’, such as 
‘Operations’ and ‘Algorithms’, as well as developing algorithmic ways 
of thinking and working in general; this includes enabling the 
children to use algorithms in practice. 


Through the above-mentioned emphases, it is primarily, but not 
exclusively, the concern of mathematics teaching to ensure mastery of 
the complex of subject-matter in ‘Working with Numbers and 
Quantities’. It is also important that the pupils’ mathematical 
knowledge and skills are applied to other subjects. This by no means 

al science subjects in the general school. It 


concerns at least as much polytechnical instruction, because mathe- 
matical knowledge and skills can be a 


beginning with handicraft lessons in the 
productive work in the higher forms. It s 
the realization of the o 


Working with Equations, Inequations and Functions 


Knowledge about equations an 
and about functions is also 


4 Loy Te essential mathematical bases for under- 
standing, and for giving de iptions of phenomena in nature, processes 
in technology, in Production 


In order to help the pupils to app] thi kills 
in other fields, it is PPY this knowledge and these s l 
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polytechnical substance. In such problems, the content has often to be 
very much simplified, and the statement of the problem is often alien 
to practical experience. This should be made clear to the pupils. But, 
as long as better problems are not available, they can and must be 
dealt with, because the pupils have to practise intensively the mathe- 
matical representation of simple and simplified relationships taken from 
life or from the sciences. Due however to the wide differentiation 
of circumstances and requirements — particularly in the pupils’ produc- 
tive work — these opportunities of application are specifically con- 
nected with the particular job. They can hardly, therefore, be built into 
the mathematics curriculum and into the teaching materials published. 
In order to deal with them in the mathematics lessons, thorough 
analyses of the pupils’ places of work are necessary. In places where this 
has already been done, the results should be used by the mathematics 
teacher in order to relate his lessons more closely to real life and 
consolidate the mathematical knowledge and skills necessary to meet 
practical requirements. 


For the better realization of polytechnical education and training in 
the subject-matter dealt with here, the following aspects need 
emphasis!°. 

— It is necessary to include the ‘formulae’ of physics, technology, etc. 
in mathematics teaching. These formulae should be looked at from a 
mathematical standpoint. They should be seen for what they are: as 
equations, inequations, or as the depiction of a function. They 
should be manipulated mathematically in the usual way. The results 
should then be interpreted in context. Analogous methods should be 
applied to other school subjects. 

— It is extremely important to work consistently, so as to develop the 
abilities and the skills necessary to represent the simple facts and the 
problems which arise in physics, technology, production, the 
transport system, military technology etc. in equations, inequations, 
tables, or diagrams, and to work with these as described above. 


— It is of no less importance to develop the ability to interpret the 
given mathematical equations, inequations and functions in a 
practical manner. That is to say that the pupils should learn to be 
able to give the possible circumstances or to state the problems of 
which these equations are ‘models’. 

— Finally, it is necessary for students to apply mathematics to 
problems in the natural sciences and technology which should 
provide a deeper understanding of mathematics. 


© See again, Sotschek, op. cit. 
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In general the curriculum offers good opportunities to fulfil the 
above demands. The task still to be solved is to recognize the oppor- 
tunities, and to fit them organically into the teaching process. 


Working with Geometrical Terms, Statements and Processes 


opological relations and 
elementary geometrical 
quire skill in goemetrical 
es. They need to be able 
ing different projections. 
umes. This is because the 


ec ation paid to the development of the pupils’ 
ability to think in three dimensions. In this regard, the mathematics 
uction to elementary terms, theorems, 
: € descriptive geometry, and their application 
a Pie geometrical bodies, offers what is absolutely necessary. But 
s! ies of school work often show a one-sided preference for con- 

ructions of plane projections of a solid figure. And since the under- 
wing, and indeed of any picture, involves 
he interpretation of a plane drawing as 4 
exercises of į i ot on 
any account be neglected, pretation Soule, & 


Specialized Language and Symbols of Mathematics 
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value. By way of illustration, it is sufficient to remember the efficiency 
of mathematical symbols in describing reality, and of the role of mathe- 
matical logic in computer engineering and in other sciences. These 
rather abstract, factual and methodological elements of mathematics 
teaching make it possible to enhance the quality of polytechnical 
education and training in mathematics teaching. This is because: 


— they achieve a more abstract, a deeper, a more comprehensive and a 
more precise reflection and description of the natural and technical 
environment of man than would be possible without; 


— they make it possible to solve by mathematical means other problems 
from many social spheres, especially from science, technology and 
production; 

— they allow a better structuring of the mathematical content and a 
better emphasis of the sustaining terms, statements, thinking and 
working processes. 


But it is also clear that more intensive work with variables, with the 
elements of mathematical logic and with the theory of sets, are of 
direct importance to polytechnical education — because these aspects 
of the subject are being used increasingly in engineering and tech- 
nology. But it must not be overlooked that completely satisfactory 
solutions have not yet been found to the teaching of these topics in 
the present mathematics curriculum of the ten-year secondary school. 


The Polytechnical Significance of Different School 
Societies according to a Skeleton Programme 


According to a skeleton programme in forms 9 and 10, school societies 
are of fundamental polytechnical significance for several reasons. It is 
one of their most important functions to react to new social require- 
ments in education. This they can do quicker than is possible for 
normal school work. Furthermore, they enable pupils to acquire 
knowledge in specialized fields according to their special inclinations 
and interests, beyond that imparted by compulsory general education. 
This can be and should be equally important for their choice of 
vocation, for the development of their special interests and for the 
development of their mental and practical abilities, as well as generating 
socially valuable convictions, and good personal attitudes. 


In the school society for mathematics, the issues of applying mathe- 
matics in life play a significant part. This is evident from the skeleton 
programmes, ‘Electronic Data Processing and Computer Engineering’ 
and ‘Practical Mathematics’, which deal with developments of 
increasingly practical importance, which have not yet been included in 
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compulsory general education. The skeleton programme, ‘Elementary 
Statistics’, too, is very practically orientated. And, whereas Working 
with Sets’ is devoted to a main mathematical topic, it deals with ay 
a very practical way, including the ‘every-day experiences’ of the pupils. 


The Polytechnical Significance of the Objective of 
Mathematics Lessons Touching on Other Subjects 


The contribution which mathemati 
technical education and trainin 
knowledge and skills that are 
in the curriculum, which abs 
allocated, mathematics teachin 
the realization of the general o 


cs teaching has to make to poly- 
g is not confined to the mathematical 
imparted. As one of the key subjects 
orbs about 20 per cent of the time 
g makes a significant contribution to 
bjectives of the general school. 


What is important to the polytechnical aspect of this contribution 
can be explained in two i 


mportant objectives: the development x 
mental abilities (of Scientific ways of thinking and working) and © 
education for work. 


— giving, and defining terms with a relatively high degree of abstraction 
or generalization; 

— making statements (by reduction a 

= checking statement lationships as to their truth 
by using the formal nce from the content”! ; 


— using heuristic methods 
forwards and backwards, 


il terricht [O 
Weber, K.: Zur Realisierung des polytechnische inzips im athematikunterti 
sa schen Prinzips im Math ti icht Da 
the Realization of the Polytechnical Principle in i i a ik i 
Schule, No. 10, 1975. pp. 3 inciple į Mathematics eaching] . Mathematik in 
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These activities, and the use of precise and clearcut language and the 
symbols of mathematics, make it possible to develop abilities and 
reasoning qualities whose importance extends far beyond mathematics 
teaching. If they are correctly used in mathematics teaching, they 
serve to develop the following characteristics of personality: 


— Thinking and reasoning based on clarity and precision, and a form of 
oral and written expression which is characterized by brevity and 
preciseness; 

— Complete, and conclusive reasoning and argument; 

— The development of thinking in variants; 

— Intellectual versatility and creative ability; 

— The ability to differentiate between the essential and the non- 
essential; 

— Positive attitude to solving problems on the basis of developed 
abilities in the self-reliant application of algorithmic processes and 
heuristic methods; 

— Self-reliance in the selection and appropriate use of aids; 

— The development of the ability to acquire knowledge in private 
study, particularly to acquire mathematical knowledge and skill 
which is an essential precondition for continuing to learn all through 
life; 

— Self-critical and critical ability to assess and check the results of 
work. 

Without further explanation, it is clear that such characteristics of 
personal development are extremely valuable for work and the vocation 
and also for other spheres of human activity. 

Education for work is not possible without the pupils’ direct partici- 
pation in production for ‘how to work is only learnt through work’!? 


In this respect, mathematics teaching can and must make an essential 
contribution. We fully agree with Frankiewicz when he states that the 
education for work begins in lessons'*, and we think that it must be 
continued there consistently and purposefully. This is due to the fact 
that learning and working, being fundamental forms of human activity, 


B Dietzel, K.: Stand und Aufgaben des polytechnischen Unterrichts bei der weiteren inhalt- 
lichen Ausgestaltung der Oberschule (The Level Reached and the Tasks to Be Solved in 
Polytechnical Teaching in the Process of the Further Development of the Secondary School 
with regard to Content). In: Polytechnische Bildung und Erziehung, No. 1, 1974, p. 3. 


aS Frankiewicz, H.: Polytechnischer Unterricht und Arbeitserzichung (Polytechnical Teaching 
and Education to Work). In: Polytechnische Bildung und Erzeihung, No. 2/3, 1976, 
pp. 69. 
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have essential characteristics in common. Both are directed ees = 
objective and a seriousness of purpose!* , and they cannot often ef 
isolated from each other in their concrete forms. This also becom : 
evident in many situations during lessons. Whether the pupils 
listening to the explanation of a problem, or to a proof — by a 
teacher or a fellow pupil — whether they are working together (wi 

the whole class or only a part of the class) to solve a problem, or 
whether every pupil is solving a mathematical problem for himself F 
a complex activity for the pupil is always present, an activity which 4 
planned beforehand by the teacher with certain objectives and is wae 

by him more or less intensively. In such activity — as in work — the 


whole personality of the pupil is taking part —his knowledge and skills, 
his attitudes and convictions, his motives and his will. 


Education to work is an inhe 
objective of mathematics teac 


mented spontaneously. Rath 
and gradual Steps is necessary 


rent component, and an important 
hing. But, as any objective, it is not imple- 
er, a careful planning of partial pe Sy 
for its realization, as well as hard, detaile 
work on the part of the teacher and the students to realize and to keep 
Socialist norms and behaviour in the joint ‘work’ of the mathematics 
lessons. 


* Rubinstein, s.. 


1 
Grund P x Genera 
Psychology], 6th editig lagen der allgemeinen Psychologie [Fundamentals of 
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André Revuz 


Educational Objectives for 
Mathematics Compatible with its 
Development as a Discipline 


Education authorities and educational planners often wonder what kind 
of mathematics is needed to pursue this or that profession. It is easier 
to say what kind of mathematics would formerly have been needed for 
Success in those callings than to foresee what kind will be needed in the 
future. Moreover it is even harder to know what the future professions 
of secondary schoolchildren will in fact be. On that level, then, the 
Solution should apparently be sought in the form of ‘basic mathematics 
required for any subsequent specialization’ (or, at least, for large 
Clusters of subsequent specializations). 


But one paradoxical and frequently voiced opi r 
It is that, of all possible future professions for secondary schoolchildren, 
one alone should be left out of the reckoning — that of a professional 
mathematician. Who has not heard it said of secondary or even of 
university-level mathematics teaching that ‘The aim is not to train 
future mathematicians’? That remark may seem to be simple common 
Sense, and would remain equally valid if the word ‘mathematician’ were 
replaced by ‘biologist’, ‘agronomist’, ‘naval engineer’, ‘architect’, and 
SO on. But the rule is proclaimed only for mathematicians! Why? First 
of all, perhaps, because mathematics often weighs heavily on general 
education, which contains none of the narrower specializations. 
and it is worth discussing, first, 


nion should be noted. 


But the questions runs deeper, 
because the above disclaimer is so frequently expressed, and, second, 
because for all its apparent good sense, it tends to pull the entire 
teaching of mathematics in directions which seem to me to be 
extremely dangerous. 

e, that the disclaimer is meaningful only 


Let us note, i irst plac 
ene et n answered (usually they are 


if the following questions have first beer 
Carefully avoided!): 

(a) How is ‘a mathematician’ distinguished ltor A. HOG 

mathematician’? How should the border-line between mathe- 


maticians and others be crossed? 
(b) How is ‘a mathematician’ trained? 
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i or 
(c) Is it relevant to consider and to contrast mathematics f 


i i ön- 
mathematicians’ and some paradoxical ‘mathematics for n 
mathematicians’? 


(d) In what spirit should ‘non-mathematicians’ be educated in 
mathematics for that education to be effective? 


There is widespread temptation to define ‘the mathematician bar 
narrowly, restricting the term to research workers — or to only mos 
the title is applied very strictly) who work in university ee. 
departments or in institutions of similar standing whose acae il ak 
varies from country to country. Even if a variation factor of 100 5 
cent is applied in calculating the number of mathematicians so gerince 
in the developed countries their total number is around one 10,00 a 
of the working population. Certainly there is no reason to take accou H 
of so small a number in the general education of the population as f 
whole. But, on the one hand, has account ever been taken of it, and, i 
so, in what form? And, on the other, is the proportion of high-leve 
specialists in any discipline or profession any higher? 

Before pursuing the discussion, we must immediately emphasize nen 
in education, we have to deal with complex issues and wane 
Stretching over a considerable number of years, and that any partia 


een taken of the training of future mathe- 
education? 

to which research mathematicians devote 
their efforts, it may safely be said that virtually none of them 
d in those researchers’ secondary or unt 


i ; i «nh it iS 
university), but the way in which it 
learnt. 
' ear d 
E fis Proportion of top specialists in the various disciplines an 
professions 


c any greater 
population than is the case with mathematicians? 
n all cases, I think the 


4 ne 
relevant Proportion is around O 1 
10,000th. It would therefore be legitimate to apply to al 
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pan ap same rules as are applied to mathematics, 
eee T to try to train future specialists. Whether in 
ane ae A biolog; » geography, economics or history 
A , the same problem is to be found as in mathematics — 
e an more acutely. There is, in fact, no question of the 
an of elementary education (as defined above) directly 
aa ing bs future researcher. And in those sciences which 
Ee ed directly, is it not, at the elementary level, far more 
rege than in mathematics to present simple material which 
me pra to the point of falsehood? Here we encounter 
iays 5 e key problems of education, which, I fear, is not 
Roe raced realized. If education is not seen asa continuous 
ra o deepening and enriching knowledge — in which each 
ora is necessarily incomplete, partial and consequently 
i onal — instead of being led to search and invent, the 
a s mind will be paralysed by rigid dogmatism and misled 
© worshipping false canons. 

cipline to discipline, the same 
ducation cannot directly train 
way in which it is given, it 
take up research. 


F 
Bisa the change in method from dis 
future se found throughout: general e 
may or earchers, but, depending on the 
may not stimulate a determination to 


me E desired to train mathematicians in the narrow sense of the 

is TE answer probably lies primarily in the way in which education 

principle and only secondarily in the choice of content. And this 
seems to be valid for all disciplines. 

stricted to researchers 

ts about titles (which 

rative importance) — should 


is co 
that y to use more or less success 
i ers have discovered. And all of th 


dis : 

all fa a mixture of different attitudes: no 

any m: mathematics he uses, just as, on the other hand, nobody can use 
as athematics — not just efficiently, but ever 

More or less re-invented it. And, in parallel with these two attitudes, 


the 3 ? 
Te are two tendencies to be found in mathematics teaching, whose 
trasts: learn-understand, imitate- 


relati r 
‘lationship can be schematized by con 1 i 
made, codified science in which 


Inve 
nt, teach mathematics as a ready- c 
as a science in the making, by having 


rips is nothing left to change, Or 
pupil re-invent what is known to those who know (but not yet to 
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elf — he be ici = round 
him) before he himself if | comes a mathematician gets 

2 K 

to inventing something not yet known to anyone. 


i i i uld 

Of these two tendencies, which a high-quality EE a 

bring together, one — that of dogmatic learning by rote — is enw 
ae than the other. And so all too often it becomes predominant, 


veral 
then degenerates into a hand-out of stock formulae. I see se 
reasons for this: 


(a) 


(b) 


(c) 
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This tendency presents the apparent advantage of Pees: 
efficiency. Unfortunately, that efficiency very rapidly va Hee 
when the method degenerates into a mere passing-O oe 
formulae to be learnt by heart. The drawback is not imagin ne 
it is one which, in fact, affects all nations to some cog N 
which reaches a dramatic pitch in some countries w T 
virtually all students, on reaching university, have ma 
offer but precepts which they have learnt by heart (an caw 
not the knowledge to apply, even in the simplest of situati 


The more defective the training of the staff in both cond 
matics and in teaching, the more widespread. the ten a is 
becomes. A teacher whose grasp of his subject is inadequa ms 
condemned to repetitive dogmatism and to dispensing ‘I's 
education in which the latter is all. To say that the eine 
understanding is not the object of this exercise is an uy tics 
statement. In some far from exceptional cases, the mathema il 
taught is unintelligible, and if he is to understand, the ae 
should begin to challenge what the teacher claims to k 
teaching. Badly taught pupils will become braly ay 
teachers, and the resulting vicious circle will be broken es 
after long and painful efforts of which not even the beginn 

is in sight. 

It gives the illusion of savin, 
know after any given 
pre-determined. These 
experience. But the clas 
pupils do not work har 
attributed, not to: a | 
dogmatism, but to lack 
education was inadequat: 
the very same poor tec 
subsequent teaching); o 


there again, the size oft 
on teachin 


g time, and that what the pupils jee 
period of schooling can be accura by 
illusions are constantly belied the 
sic explanation for failure is sages OF 
d enough (true, but this is too 0 rd 
ack of interest caused by blinke us 
of moral fibre); or that their seat 
e (not realizing that the reason eee 
hnique which is perpetuated in Sout 
r again, that the syllabus is too big ( ds 
he syllabus is not inherent, but depen 


à imitative 
: 8 methods — and of course dogmatic, mi a 
teaching is the very method that saturates the pupils m 
quickly), Furthermore 


eee . ivity 
» Management of time in teaching activ 
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is an extremely important and very difficult problem. Teaching 
time is not the same as clock-time: to stimulate a pupil’s intel- 
lectual activity requires an initial lapse of time before any result 
is obtained, and for most teachers — who have not been 
required to ponder this problem long enough — that time seems 
too long. Yet there are periods when failure to wait destroys 
any possibility of intellectual activity, just as there are times 
when waiting would result in stagnation and the pupils must be 
spurred on to new questions and problems. But the real diffi- 
culty is that rules, valid for all pupils, cannot from the outset 
be laid down: the teacher’s only reasonable course is to watch 
carefully the development of the pupil’s intellectual activity — 
a technique diametrically opposed to dogmatism and the pre- 
fabricated lesson. The surprise is that, after the warming-up 
phase, when nothing seems to be happening, acceleration phases 


come about, in which the pupil’s intellectual appetite is whetted 
by his own work, and often permits him to £0 far beyond the 


limits allowed by dogmatic teaching. Then the time-ratio is 
seen to be far from unfavourable to active education. 


(d) Possibly the greatest ‘advantage’ of dogmatic teaching is that it 
demands no great or immediate effort of either teacher or pupil. 
Learning by heart requires less effort than thinking. (It may, of 
course, provoke thought, but it may also — probably more 


often — sti i ek without the certainty of finding 
stifle it). To se rule backed by the 


requires more effort than applying 4 

teacher’s authority. Dogmatic teaching draws strength from 
every demagogic attempt to spare pupils and citizens the 
salutary exertion of thinking. It doubtless gains also from the 


fact that the wish to provoke thought among their subjects 
rarely comes naturally to the authorities, and that a poorly- 
Justified presentation of scientific truths, which it would none 
the less be unreasonable to reject, may serve as a corrupting 
model for presenting ‘truths’ which are Jess certain, but which it 
is desired to impose without difficulty. 
Dogmatic teaching is favoured by very many pupils and students who 
~ traumatized by the teaching of mathematics and yet needing mathe- 
oman or a mathematics diploma — be the ideal as iha . learn 
at 3 : teh iş an intriguing armin 
ematics without ‘doing’ it. That 1s actually Arawn = 


Paradox: the victims of mathematics teaching are 1 ( 
those very techniques which are the ones least likely to improve their 


lot. The fact is that, in a large number of students, a fear or even a 


hatred of mathematics is inspired by its teaching. This prevents them 
aster it. The phenomenon indicates 


trying to assimilate or to really m : : 
how urgently teaching must be reformed before it can play its proper 
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The first concern of a mathematics teacher should be to encourage 
es ils and increase their intellectual scope. Yet the easy way out, 
= eck easier in some countries which use mathematics teaching as 
ESON procedure, is to discourage and to eliminate those who are 
judged — in many cases, perhaps, too early — to be ‘ungifted’. 


e, poorly 
e mathe- 


In the final analysis, would educa 
anything other than effective math 
should only future mathematicians 


It should be noted that, a 
pupils are discouraged, and 
they may have reached — 


tion for future mathematicians be 
ematics teaching? And, if sO, why 
be allowed to enjoy its benefits? 


This division of the learners into the uncomprehending and those 
who reach understanding individually, while it requires more qualifying 
than time here permits, betrays a grave defect in the teaching of mathe- 
matics. But the situati extreme when action taken tO 
improve it tends, on the contrary, to exacerbate and institutionalize it. 
Yet that is the outcome, when it is thought opportune to distinguish 
2 cae education for future mathematicians and education for the 
Others, 


_To train no mathematicia 
discipline reducing it to fixed 


ns would be a death sentence for the 
turn mathematicians into a sep 


dogma. But it is hardly healthy either to 
arate caste. 


Ticature to say t 
mathematicians, 
t to emerge fro 


MAA, ae. hat there is, on the one hand, a mee 
i i en 1e. ? 
but reluctan very much at home in their chos 


m it, and, on the other, a great mass ° 
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people ignorant of the mathematics they might need, and misapplying 
what they have supposedly learnt? The stern, at times ferocious, 
selection procedure, which governs admission to the mathematical 
caste, breeds an irrational resentment of its members among those 
shut out. This resentment results in the creation of that bastard form of 
mathematics which is all too often taught to ‘non-mathematicians’. It 
is bastard because the concepts are often ill defined; bastard because it 
sometimes includes theorems which, taken literally, are false; bastard 
because intrinsic mathematical values, and things specific to the 
discipline in which they are used, remain unknown — so that in case of 
difficulty, the point of action cannot be found — and bastard, lastly, 
because an imperfect grasp of mathematics prevents the full use and 
Mastery of that instrument. This leads yet again to dogmatic precepts 
in the shape of stock formulae applied with a skill slowly gained 
through contact with the discipline — a skill of which those who possess 
it are most proud, and which once more enables castes to be formed; 
but one which, to the extent that it is, in part, irrational, hampers the 


dissemination of knowledge. 
To sum up the foregoing, I would say: 


(a) It is impossible, and unhealthy, to draw any strict division 
between ‘mathematicians’ and ‘non-mathematicians . Where 
such a division is institutionalize, it is unhealthy both for the 
development and dissemination of mathematics and for the 
development of disciplines which draw on mathematics. 

(b) The distinction between education for ‘mathematicians’ and for 
‘non-mathematicians’ results from the general failure of mathe- 
matics teaching. Paradoxically, the defects of poker on = 
used as a pretext for applying techniques which will perpetuate 
them. 

Once that is said, only the naive would think the future bee y 

for anyone who wished to improve matters. The major obstacles to be 
Overcome include: 


(a) The worldwide shortage of qualified teachers, bi gna no 
country, but which is extreme in some so-called developing 
countries The answer is a sustained process of upgrading the 


eein Juging them with instructions and 
xisting staff, not by Co in collective thought and con- 


advice, but by involving them : iving i 
structive EE of the teaching function, giving it a sense of 
responsibility and the means of fulfilling r he falling b 

(b) T i jentific traditions, and the falling back on 
en The difficulties of accepting the relativity 
of ae tS and scientific truth, and of adopting an attitude 
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halfway between blind faith and total scepticism hamper the 
spread of culture among new population strata. The individual 
exercise of intellectual freedom is not always a spontaneous 
process, nor is it always encouraged by the authorities on whom 
the organization of education depends. 


(c) The desire for immediate profitability, which tends to foster the 
creation of small hyper-selective and hyper-specialized groups 
and of a great mass of people trained for mindless obedience. 


It is superfluous to emphasize the threat this poses to a healthy 
democracy. 


What, then, should be done? 


It must first be clearly understood that this is a very long-term task, 
and distant objectives 


A dynamic attitude must be adopted towards progressive change, 
summing up the initiative and responsibility of all who work, at whatso- 
ever the level, in education systems. 

As regards the teaching of mathematics itself, its style must be the 
l » and its content only secondary — or rather, it 
must be realized that style and content are inseparable and that what is 
» in reality, be very different when the 
productive teaching style is one informed 
s unhealthy to present even the most 


Time must also be devoted to the search for solutions, and to leaving 
the pupils to tackle the probl i 


create and to invent an b 
3 F y more than a l row by 
pulli it. llt es Plant can be made to g 


be done is to provid f ditions for 
t A N p e favourable conditio i 
a of creativity. It is a matter, therefore, of genuinely 
8 the pupil and patiently awaiting his reactions, and discussing 
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P A him with a benevolence untainted by condescension. At 
the pupil to e teacher must stay in the background. He must encourage 
SURE a site Mages an effort, rather than attempt to suppress it. In 
rate i ion, the pupil often has good ideas, but cannot, himself, 
EA ey lead. So he has no spontaneous desire to take them to 
aer pi usion. Here the teacher can intervene — not to give him the 
pupil a m to urge him to persevere. On the other hand, when the 
EA 7 ound the solution, the teacher must use his full authority to 
st ont mes the argument and the reasoning be clearly and thoroughly 
mean s bviously „such a procedure requires staff who are highly 
E i science, in teaching and in psychology. It requires small 
ar - Equally obviously, these requirements are, 1n the short term, 
attainable on a large scale in a large number of countries. 
w? This may be where a valid 


What then can be done here and no 
g of future mathematicians — 


aes can be made by the trainin, 
erm used this time in its widest possible sense. 

ematics, islands could be created 
the above principles. But they 
duced gradually throughout the 


Pa Within the overall teaching of math 
which teachers attempt to apply 


wo : 
ed oe be viewed as models to be intro 
ucation system, rather than as seminaries in which an élite is 


separated off from the mass. I do not underestimate the risk of the 
latter possibility prevailing, but I see no alternative to running that risk, 
while attempting to avoid it. I would also hope that an élite trained by 
Open methods will be less inclined to close in upon itself and defend 
its privileges than is an élite recruited by an education dominated by 


d ; ae 
ogmatism and out-and-out selectivity. 
The content of education should be based on these two principles: 


(a) It must be suited to training both future mathematicians and 
future scientists who need mathematics. 

(b) Mathematics should not be treated as a discipline apart, but in 
conjunction with the other disciplines. 


At the end of secondary school or une 
Content might well include: 


(a) The basics of calculus: differe 
and applied. 


rsity entrance level, the 
ntial and integral, both theoretical 


The intention is not an aimless calculation of integrals, but an under- 
standing of how certain phenomena may be approached through a 
differential equation, and a study of the implication of its solutions. In 
a word, one must not fall into the very widespread trap of teaching 

on, integration) without ensuring 


Mathematical techniques (differentiati 
ay by those techniques are 


that the fundamental ideas brought into pl 
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P pe d 
understood, or without having applied those techniques to specific an 
carefully studied examples. 


(b) Elements of algebra, and especially of linear algebra. 


Geometry, a privileged field in which transformation Saat 
into play, should provide motivation for and permit the applica R 
most algebraic concepts at this level. There will, of course, be an pe sa 
against a sacreligious algebrization of geometry, and a rejection eae 
‘geometrization’ of algebra. But a study of geometry is useful for fu Je 
mathematicians, and for users of mathematics, so long as it is not mad 
into a separate, self-contained branch. Rather, it should be treated in 
close conjunction with the other branches of mathematics. 


(c) Elements of probability theory, which would give renee 
the ‘probabilist’ spirit and provide skill in the use of statisti 
(in their right place and applied honestly!). 

This subject should be li 


nked to analysis, for which it could supply 
motivation and applications 


: : s 
Here again, however, content must not become an Obsession TE 
question whether a little more or a little less geometry shoul 


c 2 l 
included seems to me laughable in comparison with the fundamenta 
issue — how is the content to be taught? 


be realized that teaching styles need to change, not ony 

hought it apposite to outline the conten f 

e. They must also change in the early years A 

secondary school, and in the primary school. Here, the enormou 

numbers of teachers and pupils involved make the task of changing 
styles extremely difficul i 


— gives them Tesponsib 


= conclusion, my thesis may be summarized as follows: 


N imally: 
hematicians is indispensable. Optima to 


(a) The training of mat 


they should be able not only to cultivate mathematics per $€» 
marshal the whole 


h range of mathematical instruments, 
sharpen them and to create new ones, they should als 
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intellectually and psychologically open to dialogue and col- 
laboration with specialists in other disciplines. 

(b) Only at a very advanced level should mathematicians start to 
specialize. Their education prior to that point should have 
painstakingly ` fostered an intellectual atmosphere conducive 
to a deep understanding and inventiveness. In a word, it should 
have been informed by a spirit of research. There is no reason 
for restricting that type of education to future mathematicians 
only. In the final analysis it is the only efficient mathematics 
education. 


(c) It is illusory to imagine that this ki 
generally introduced in any country 
One of the major obstacles is the shortage o 

e one hand, ‘islands of excellence’, 

dual extension, and, on the other, 


nd of education could be 
in the immediate future. 
f qualified staff. 


i The temporary solutions are, on th 
ntended as models for subsequent gra 
Specialized education of mediocre cultural value to enable non- 
mathematicians to acquire a minimum of mathematical ability, since 
time and resources permit no more. According to the spirit in which 
they are used, these may be the start of a real improvement, or — on 
the contrary — they may consolidate and perpetuate the worst defects 


Of the teaching of mathematics. 
It is to be feared, in view of the imm 


the goodwill nor the necessary energy wi 
igh-quality mathematics education everywhere. 


The solutions I propose may be judged unrealist 
Owever, the height of unreality is to think them unnecessary. 


ensity of the task, that neither 
1 be available to bring about a 


ic. In my view, 
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oe Goals for Old: An Analysis of 
actions to Recent Reforms in 
€veral Countries’ 


The la 
st two decades mark a period of unprecedented change in the 


mathe A S 
ben ee curricula of most countries of the world. So radical have 
se changes that they are often referred to as a revolution! The 
to be applied to all varieties 


bla ‘ 
ð my bay new mathematics’ has come 
Period sn programmes introduced into school systems during this 
another ysis which differ considerably from one country to 
hat fhe fe often, even, from one another within the same country. 
turing of i rm has meant, however, in all school systems is a restruc- 
Of some y Reset with the inclusion of new topics and the deletion 
spective rel itionally taught material, but all viewed from a new per- 
trainin hese changes have had far reaching implications for the 
to effi & and retraining of teachers, and for the allocation of resources 

ect these changes. 
Gre relatively short period O 
owe ics’ has spread over the worl 
some ae away both items of value as 
others riage the waters are just beginning t 
reached i water is still rising (¢.8. Indonesia, 
recedi s peak (e.g. France, Belgium); in yet ot 
e Ing (Scotland, Sweden). 
them’ did these changes take place? Who provided the impetus for 
What How were they implemented? How were the changes spread? 
Were the nature and effect of the changes? 


To 
these questions we now address ourselves. 


f time, the tidal wave of ‘new 
d, engulfing school communities 
e as well as curricular rubbish. In 
o rise (e.g. Hungary); in 
Nigeria); in some, it has 
hers, the wave is 


Th 

i e Reasons for Change 

no 

one oe to understand what prompted the feeling of a need for change, 

Period st first understand the climate in which it germinated. The 
which followed World War II was one of intense mathematical 

1 


Pape 

(instinct ee at conference “Stability & 

-12 jee Of Mathematical Didactics, Universi 
an 1980). 

105 


Change in Mathematics Curricula, 1960-1980” 
ity of Bielefeld, Federal Republic of Germany, 


Studies in Mathematics Education 


activity — a veritable explosion in mathematical knowledge. y Vagos 
were being announced at a fast and furious pace. New met : i 
techniques were being developed. New mathematical concep ae = 
being created. It was a heady, exciting period. The general direc F S 
these innovations was towards greater abstraction of thought. Te 
turn, called for a much more careful formulation of ideas and a grea a 
precision of language. Sets, and, to a lesser extent, functions, emerge 
as unifying concepts, exemplified in the Bourbaki? undertaking. 


The decisive role of technology in the war led to a great emphasis, 1n 
the post-war period, on technology as a force for progress and develop- 
ment. This, in turn, created a need for more technologists of various 
kinds. This was true both in the developed countries and (even more 
so) in the many newly independent developing countries, which looked 
to technology as the key to their development. Mathematics, which had 
played so important a part in these impressive technological 


achievements, was given special emphasis in the drive for more and 
better-trained technologists. 


n most countries were greatly expanded, 
ry level. The move from an ‘élitist’ to a 
tem was one reason for the expansion 1n 
ountries like the United States of 
‘comprehensive’ secondary schools, 


ducation, and, later, to take advantage of m 
many new career opportunities which the post-war world had opene! 
up. 


In the develo 
being created, 
dramatically. 


ping countries 


; e 
» More universal school systems wer 
and opportunitie 


s for education in universities increase 


All of these factors Combined to create a climate conducive to the 
acceptance of change. 


Not surprisingly, changes were first 
the introduction of 


2 
he name adopted by a group of French mathematicians who set out to re-structure 
mathematics on a set/axiomatic basis. 
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Ilinoi 

n PEER the base of the Curriculum group of the International 

Sessa tate or the Evaluation of Educational Achievement (IEA) 

as tational Mathematics Study). The objective of UICSM was 
prove the mathematics courses on offer in the secondary schools. 


Siete also a desire among many mathematicians to infuse the 
mentee ano curriculum with the excitement of the new develop- 
university t emane and to bring school courses more into line with 
atten ioe s. This was particularly true in France, where the 
exerted a an BA wa at the heart of these new developments 
nationally. iderable influence not only nationally, but inter- 


ae leaders in many countries in the western world, in Japan, 
broad woe developing countries were concerned about the need for a 
on pat ucation in technology to meet the rapid growth of new fields 
Witenes They believed the curriculum, then current, to be too 
for ch ed to cope with the impending technological era, and pressed 
sponso ange. One manifestation of this concern was the OECD’s 
Dubro ring of a series of International Conferences (Royaumont 1959, 
me vnic 1960, Paris 1961). These produced the famous Synopses — 
Opses for secondary school mathematics and mathematics for 


Physicists and engineers. 


The expansion of the secondary school population flowing from the 


Ww: . p3 ., 
ider opportunities for secondary education led many university 
question the suitability for 


ma Ea 
the ernaticians and secondary teachers to j 
road masses being enrolled in the schools of a mathematics 
élite. Secondary 


curri 
rriculum originally designed for an intellectual é 
Scotland, Sweden) were, at 


Sch 
a teachers in many places (England, | i 
appre eager to modernize the curriculum, anxious to find new 
Gute to meet the needs of less gifted students, and excited and 

ulated b i w topics like probability and 
statistics. y the prospect of teaching ne p: 

Finally the ‘band-waggon syndrome’: once the movement for change 
Jes i mathematics curriculum gets under way in certain culturally 
Steere countries, there naturally develops in other countries an 
roe not to be ‘left behind’ in what comes to be thought of asa 

eral ‘revolution’. This, too, created a powerful pressure for 


eines 
Urticulum reform. 


T 
he Impetus for change 
au : f 
ae Winds of change were blowing in many places. These infected 
> erent groups of individuals — university mathematicians, teachers 
government officials. They took different directions in different 
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3 the United 
l We look at three cases, those of England and Wales, 

places. 

States and France. 


i ey Report 
land, the impetus for reform began with = gion ier 
Gos cee proposed changes in aA ua sey subjects’ 
; $ s 

taken at the age of 16. It called for a ‘fusion a Sl ake cana 
a aration of the su ject ir ould 
z Pine 3 ie Se eee arithmetic. ares pn adopt 3 
ina a ofa mixture of problems. Candidates bebe saul be 
er in their choice of a method of solution. So mathematics 
included as an option. The expressed aim was to om oF ihe pupi 
more closely into relation with the life and ea e For eee 
Applications of mathematics would be included. eony and 
would be found by a ‘reduction in the amount of form s el 
the ‘exclusion . . , of heavy calculations and sie oa functionality t 
[was to be on] the all-important areas concerned ie aoe primarily 
The report dealt with secondary education, and it pees call for â 

upon content. Nevertheless, it is interesting to note 


À te 
nee hich rela 
unified curriculum, and the emphasis on those applications w 
mathematics to the experience of the pupil. 


“i t 
F jation, S° 
The Jeffrey Report, published by the Mathematical Associ 
the direct 


thematica 
ion for reform at the secondary level. ph Rae This 
Association also published in 1956 a report on Primary 


o 
5 next tw 
Teport dominated Opinion on Primary mathematics me a their ow? 
decades. It took the Position that children develope 


o 

ir acti onse t 

‘learn through their active BRT, it 
’. ‘The aim of primary teac 


Phasis, agai 
the experience of the child — 


Is that it was pre 


of Teachers o i 


; place 
Cup of teachers to investigate ce 
ipulative devices and apparatus, in 
mathematics. AT 


: ? rather a 
emphasized teaching methods Mathemat 
Content, Its members were learner-centred. Their journal, ngiand 
> In the Uni i m, there are three 
d otland a 


fE ey 
jon: those 2 er! 
different systems of education’ | be use a 
orthern Ireland, In what follows, ‘England 
Ngland and Wales? should be used, 
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Teaching i 

TE j 

their No aeit eme Lessons in Mathematics (published in 1964) and 
athematics in Primary Schools (published in 1967) 


exerted i i 
a considerable influence on teachers. 


The ce 

impetus e was made by university mathematicians, but the 
Were launched ei came from teachers. In 1961-62, several ‘projects? 
School Matt y independent groups of teachers. They included the 

xperiment ee Project (SMP), the Midlands Mathematical 
(CSM). These E) and the Contemporary School Mathematics Project 
oriented Peete a were designed primarily for the academically- 
financially i ary school students. They were entirely unsupported, 
done by ee otherwise, by the Ministry of Education. Writing was 
of ‘applied ctising school teachers. They held to the English tradition 
thawte ce ee , and avoided the excess of abstraction which 

tates and some of the ‘new math’ curricula developed in the United 
teachabl on the European continent. The material, in short, was 

e to real students. 

s was Edith Biggs. In an early 
Primary Schools (1965), her 
heories about the formation 
d activity and multiple 


k rather than on any 


initiated į d Mathematics Project was 
Was ‘to in 1964 in order to implement some of these ideas. The goal 
“nese a contemporary course ..-- designed to help children 
em ee many aspects of the world around them, to introduce 
hem ac dually to the processes of abstract thinking, and to foster in 
Th titical, logical but also a creative mind.’ 
With ma England, the impetus for reform came from the teachers, 
eavy ¢ Ocus of effort on teaching and child-centred learning, and a 
Mathem Mphasis on the use of the environm he source of 
€ so] aaral experiences, and on the applications of mathematics to 
ution of problems arising in the real world. 
from a different direction in France. 
ly the members of the Bourbaki group, 
losion of mathematics during the 
dous influence inter- 


Conce 

T ig 

Calleg Beis primarily with content, : 
“mphasi he Bourbaki approach — formal, abstract, rigorous. The 
language, was on precision of definition and on the careful use of 
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several 
In the United States, the winds of change LE of 
directions. UICSM, mentioned earlier, focused on ian dedusir 
secondary school courses, emphasizing algebraic a na Ro pairs), 
principles, relations and functions (perceived Tar as oe ie a 
and ‘solution sets’ for equations and inequalities. 7 i RPL ad 
attempt to introduce, at the secondary school level, the ine 
precision of language as characterized much of the new mare PP 
then being done on the frontiers of research. Some thougl method 
to teaching methods, which Beberman described as ee ee on 
pedagogy’, but this was much less evident in the ay contami 
deductive method and vector geometry. The middle schoo p ears’ S00 
(ages 11—13), with fractions appearing as operators (‘stretc 


i and less 
‘shrinkers’) and motion geometry, was more learner-directed 
formal. 


EER ic Project 
At the elementary level, the University of Illinois Arithmetic 
(UIAP) (1958), directed by D 


ace- 
avid Page, introduced boxes bhg 
holders, and used them to deal with solutions of e reti: 
i well as with functions and the ‘laws of ari how to 
Content, again, was the main concern with some emphasis on 
teach it, 


th an upon concrete experiences, from 
mathematical Insights and ideas should develop. 


took 
urriculum reform in the United siete new 
n the one hand there was a teal languase 
~e With a concern for greater Precision in mathematical ramme 
ine ideas, This “Pproach characterized the UICSM secondary proer” On 
1n particula; 


xtent, 

elementary programme to some a Madiso” 
os ere were the child-centred, activity-orientate mostly 
and Min ‘Mast Projects. In e; 


; e rs were 
university People, n either case the reforme 

The Commissi 7 ; e Entr 
Board in 1955 i moe maties, appointed by the Colleg 


ara 
> Produced its rogramme for College Prep 
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Mathematics’ i : 
spectacular S This cited, as an argument for reform, the 
Ment of new con of pure mathematics, and the extensive develop- 
application of S and methods, accompanied by the successful 
which previously | EA and classical mathematical ideas to disciplines 
argued that aoe eschewed the use of mathematics. The Commission 
So as to bring st ra! school mathematics should present new content 
applied a more efficiently to the frontiers of pure and 
mathematically-sor hes in order to meet the growing need for 
Suggested the op isticated scientific manpower. The Commission 
Probability, and inclusion of topics from logic, modern algebra, 
geometry sho ig big aces and they recommended that plane and solid 
should be m “u be integrated in a single course; that trigonometry 
be studied a erged with advanced algebra; and that inequalities should 
through th s well as equations. The entire curriculum would be unified 
searching r EES use of the deductive method, the process of 
aS sets, relati patterns, and the introduction of such structural concepts 
change, but tions, and functions. Thus, the report not only argued for 

, but indicated in some detail the direction to be taken. 

nion of Soviet Socialist 
among oth he United States, which, 
$ ucational i effects, shook loose large sums of Federal funds for 
innovation. These spawned a number of new curriculum 
_ Among the former was 
(SMSG). This was organized by 
as to improve secondary 


e Bruner put forth his 
n some intellectually 
nent’. This stimulated 
ulum of new topics 


nce, Jerom 
ffectively i 
of develop 


R 
¥ i ollo . 
dictum: «aë the Woods Hole Confere 
Onest fo ny subject can be taught e 
St form to any child at any stage 


e infusion j 
Previously t into the elementary school curric 
y taught only at more advanced levels. Thus, SMSG, on 
programme, included 


Moving ; 
for ieee the development of an elementary ral 
Ten of primary age informal geometry, probability, algebra and 


be i 
Struct r theory. The focus was On content and the emphasis on 
as a unifying concept. Words 


ure, ‘Sets? 
and Phr Sets’ made their appearance ot ords 
Gace like ‘the number property of a set, ‘commutative’, 
Boi found their way into the j of elementary school 
Profesion While the writing teams i ed teachers as well as 
the etter, mathematicians, their output was, in fact, dominated by 
The 

center systems in England and in the United States are very 
hee Sees The local authorities are all free to devise their own 
Schoo} a, and, in England, this freedom is delegated to the individual 
- The advocates of reform were generally enthusiastic zealots 
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ith a 
i and vision of the future. They travelled a great aei h 
"a i push the ‘new math’ at various meetings and ae minis 
ae countries with centralizied systems, not only a ia United 
to be convinced of the value of the reform, but, just as i aiso. to 3Y 
States and in England, the teachers had to be poet tn i pa 
nothing of parents! Inevitably, the tendency was to over: 
and to promise salvation, 
The enthusiam spread li 
One, enough teachers and 
and the atheists. The pro 
and there, too, they 
teachers, but among 
risk the charge of bei 


ke wild fire. While it did not consume et 
others were converted to silence the ae AEs 
phets of change travelled on to other ae the 
engendered excitment, not only am ell 
parents and the media. Few decision ArKO deste 
ng ‘left behind? in a movement so widely he: 


Implementing the Reform 


tics 
ER . g z thema 
The realization in practice of so radical a reform in the ma 
curriculum could o 


heater: the 

nly be achieved with the active participation Le 

teachers, Thus, it was crucial to Success to convince sein ae to 

need and the value of the changes advocated, and to help rvative- 

implement the new ideas. Schoo] systems tend to be very na for 

arents expect their children to be taught ‘good’ mathematics. The 

most of them, is the mathematics they were taught in Oe even 

Society also has its own expectations of what is required. ee is 
where there jg a recognition of the need for new knowledge, 


A o0! 
usually an unwillingness to make room, least of all by shedding £ 
‘basic content, Fi it i F 


e 
the university people, (as for Saaier j 

Sweden, France and the United States), then teacher resistance 1 ait 
nt that to effect so eae i 

Scale teacher re-education program 

T preparation programmes. inanced 
During the Sixties, the Government of the United States ae oe 
aTge-scale in-service training Programmes for secondary scho a AEE > 
Tes A he French government established a number of ah ; 
“arch int of mathematics (IREM), whi ation» 
only to undertą 


the teaching 
eo duc 
ke research into mathematics € 
° provide traini 
new teacher. 5 ning 


S. Sweden adopted 
Primary ang s 
bination!) to econdary, were enc 


it became evide 
equire a large- 
l of the teache 


epa 

n : to pr n 

for teachers in service, ae oth 
another approach. Tea m 


ice C 
a a HCE 
Ouraged and coerced (in a 


e 
the n t 
i “vote a great deal of time to the study of itish Sê 
Content in mathematics, in order to be able to teach it. The Brit 
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up ‘teachers’ centres’ to encourage, reassure and assist the teachers in 
implementing the new curricula. 


Those who sought change struggled with those teachers who resisted 
change. The in-service programme in the United States attracted only a 
small percentage of the secondary school teachers, and none of primary 
level. Even in England, while the teachers’ centres achieved a great deal, 
there remained a large proportion of teachers who took no advantage of 
the opportunities on offer. 


In certain countries, like France, the Federal Republic of Germany, 
and even, to some extent, the United States, secondary school teachers 
are specialists in mathematics, and are accordingly better prepared to 
handle the new curriculum, especially those of the teachers who are 
younger and more recently graduated. They tend to identify more with 
Mathematicians, and are hence prone to support the reforms advocated 
and pushed by the university mathematicians. On the other hand, for 

e elementary school teachers, such in-service provision as there was 
Could scarcely compensate for their own impoverished mathematical 


backgroun d. 


$ In Sweden, however, where second 
ubjects other than mathematics, the pr 
Change. The result was that the new P 

Modified considerably. Set theory, Te ti 
and associative laws ean eliminated, and the study of probability 


o basics’ movement, 
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traditional Euclidean geometry, 
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the treatment of geometry through linear algebra. 


In many countries, the secondary curriculum became much ae 
‘rigorous’, with an emphasis on the precise formulation of ee ee 
notions and on the structure as a deductive system. In the United: ere 
the most common approach to geometry was to underpin In 
deficiencies in Euclid’s axioms by using the Berkhoff-Beatty aaa 
France, the approach was to use a linear algebra. The Federal PEM E 
of Germany seemed to favour an axiomatic formulation of ‘trans 
mation’ geometry, 


5 ics 
The formal, rigorous approach of much of the ‘new’ mathemati 


in geometry, but in everything, including ee 
; d to be quite abstract, with a deductive dev a 
concern. This trend was pure maihemane S 
its ‘purest’ form, Some of the formalism which had penetrated seconda 
mathematics found its way into the primary curriculum as well. 
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n these countries, mathematics was ete 
much less formally, with a great emphasis upon its relevance a a 
iror ngland is an excellent example. There, the focus wa 
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In practi 
the Sot quite often the first part is followed, but 
Pointed out that overlooked. Many critics of the new reforms have 
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lack tevin students who can ‘manipulate symbols’, but 
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tee very spirit of Phin Some critics have even contended that 
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where the 
tial of the changes to be realized. On the na a eied 
roin at which alternative papers were availa Zek anon 
indefinitely, as is still the case in England, the rate o 
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Compare, for example, the International Congress of Mathematicians, 
in 1954 in Amsterdam, in 1958 in Edinburgh, in 1962 in Stockholm, 
where the education section was small, or even trivial, with the success 
and huge attendance at the meetings of ICMI in Lyon, Exeter and 
Karlsruhe in the seventies. The cross-fertilization of ideas within this 
community of mathematicians and mathematics educators will 
certainly continue to be of great benefit to all the children in the world. 
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um change is an expensive under- 
ded for investment in curricular 
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3 example, it is difficult to plan an 
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ante pno: The maintenance of current, 
S resources. The planning, design and implementation of 


Ho arat change call for investment over and above that required for 
Produ nance. This is because change involves the development and 
in-se ction of materials, the evaluation of their revisions and the 

Tvice re-education of teachers to ensure their acceptance of the 


c . 
ange and their adequate understanding of the materials and of the 
a few of the processes 
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oad teaching methods. These are but 4 
Maki ed with change that consume additional resources. Before 
e ng such an investment, wisdom would dictate that the risks and 
expectations associated with such a venture should be analysed. 
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ge in curricular practice is the in ure of the variations 1n 
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a none and priorities for change found ami Bartes g 
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have been generated by a small set of leaders in mathematics and in 
mathematics education. Such individuals will have been guided by their 
own judgement of what is important in mathematics, by their own 
perceptions of the needs of society, and by their own feelings for the 
deficiencies in the performance of the school mathematics programme. 
Frequently, the modifications have included distinctive and innovative 
methods of teaching and approaches to content. Although many of the 
plans for modifying the curriculum have been well-conceived, they have 
failed to be successful. Their impact, and such effect as they have had, 
have been limited to the initial years of their conception and imple- 
mentation. To this extent, they represent a waste of resources. 


If better information were avai ili Iter: 
; a of a 
naive Gain vailable on the acceptability 


: ar practices to concerned grou s, the developers ° 
ig alternatives could either design karr enibi alternatives 
The oe ean processes of implementation that would gain suppor" 
United States of anes” attempt to gather such information in a 
Council of Ter Sai It is a part of a larger project of the Renee 
professional ee of Mathematics (NCTM). NCTM is the a 
teaching pier dene in the United States uniquely concerned with l 
schools. NCT earning of mathematics in the elementary and secondary 

; M, through the action of its Board of Directors in 1 e, 


Priority and five-year goal the development ° 
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1980s. The recommendations Mntspls Tardis decad” o e 
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ect was desi ut custi 
120 “signed to collect information abo 


LS neh PRISM Project: An Attempt to make Curriculum Change more Rational and 
oo in mathematics desired by teachers and other interested 
ieee sees could then be compared with actual practices in the 
ences’ te o oe were made, one to determine ‘curricular prefer- 
bid raft other to elicit ‘curricular priorities’. Curriculum’ was 
ar 4 y efined to encompass mathematical content, tools and mades 

instruction, and levels of student need. The project began in the 


autumn of 1977. It has only recently been completed. 


Pes instruments used for the first-round or the survey of curri- 
hes preferences’ were designed to enable respondents to make a 

oice of curricular alternatives. The curricular alternatives were 
oo to respondents both in relation to nine broad areas oF 
baie of mathematics and according to six ‘categories of curriculum 
be ning. The ‘categories’ considered were content, goals, resources to 

used in giving instruction, teaching methods, who should learn the 


in oe and when, and the use of calculators. The latter topic was 
cluded because it is a particularly critical issue for many people. Each 
or problems of current 


pea ‘categories’ had items that reflected issues rie 
a cl icance. Each ‘category’ was taken as a base for the construction o 
fee of items in relation to each of the nine, strands’ of mathe- 
WN ics. The nine ‘strands’ were: FD_—Fractions/Decimals, AL—Algebra, 
—Whole Numbers, GM—Geometry, pS—Probability and Statistics, 
ma atio] Proportion/Percent, PB—Problem Solving, MS—Measurement, 
CL—Computer Literacy. The structure of the ‘strand-category 


Matrix is given below: 


Categories of Items 


s 
tands | CONTENT | GOALS | RESOURCES | METHODS WHO/TIME | CALCULATOR] 


FD 


CL 
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Strand-Category Matrix 


the cells in the strand-category 


Clust 
‘ers of items were created for : é 
atrix, Each cluster exhibited alternatives in curricular practices. An 
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i is gi i the 
example of a cluster of items is given below. It is selected from 


geometry strand, and it belongs to the category of goals in teaching 
geometry. 


Imagine that there are available several sets of instructional materials for 


geometry. The materials differ in that each emphasizes one of the 
curricular goals listed bel 
STEM that the materials are equi 


a. Strong positive influence 

b. Somewhat positive influence 
c. No influence or undecided 
d. Somewhat negative influence 
e. Strong negative influence 


Geometry is taught: 


21. To motivate Students who dislike c 
22,, To develop job-oriented skills. 
23. To appreciate historical and cultural d 
24. To learn to make proofs. 

ITEM 25. 


omputation. 


evelopment. 


26. To learn to read 
27. To practice arith 


28. To develop logical thinking abilities, 
29. To develop skill 


Two teams of 
grounds matics and in mathematics education, prepared the 
in the strand-category matrix. To mep 

ad prepared a background paper for eac 
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In additi 

oe ion 
elicit opinion bide S cluster of preference items that sought to 
demographic Cat orm contained a small number of questions about 
Stimulate thought es, and other questions that had been designed to 
questions sv meta the future, particularly the 1980s. These 
Preference cluster placed before the respondent encountered the 


Surve 

3 ys of 

Six of the oN sek esa were sent to samples of nine populations.. 
were familiar e considered ‘professional’ populations, in that they 
six were: ith mathematics or with mathematics education. These 


ae eee elementary teachers; 
Tes TF secondary teachers; 

: Teachers of mathematics at t 
ap, school level; 
tn Yapemanicians 
TE: Renee of school mathemati 

eacher educators whose prima 
mathematics education. 


Samp] 
tisha the first four of these populations W 
every ‘nth of national organizations. This wa 
Sample of , name. The number ‘n’ was calculated so as to ensure a 
items fie least one hundred individuals responding to each cluster 
Samples we suming a modest rate of return of the forms. The SP and TE 
educators 35 randomly selected from lists of supervisors and teacher- 
the ae en by the NCTM. These lists were not representative 
Pervisors cohort of individuals who make UP the populations of 
l the pur and of teacher-educators. Rather it was believed to be best, 
faders į Poses of the PRISM Project, to ascertain the views of those 
n the schools who potentially have the ability to marshal 


Sup 
Por 
t for new curricula. 
elementary school 


Sor 

me cl 

Currie Clusters were desi ly for the 

u e designed expressiy j 

cl lum. Others were for the secondary school curriculum. Mony 
The ‘secondary 


Usterg 
DE Were considered applicable to both Dora feo 
MA samples. Th 


ms we 
form re used for the MT, JC and for the supervisors 


and Oe a used for the AT sample. The samples 

Vo €r-educators presented two particular problems: the numbers 

were small, and many of the individuals concerned had respon- 

which span both the elementary and the secondary school 

the m. The decision was made to merge the items appearing under 
alculator into three 


Catepa 
Scenerie E headed resources, methods, and ¢ à 
'usters of items which were independent of the strands. This 


Com 
A ; 
mise alleviated both problems- And the generic clusters featured 


he junior college or technical 


cs programmes; 
ry responsibilities are for 


ere selected from lists 
s done by choosing 
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iated 
the alternative items that appeared on most of the clusters associa 
with the separate strands. 


The other three of the nine 


populations sampled were considered to 
be ‘laymen’, so far as the issues 


and problems of mathematics ie sara 
were concerned. A different pool of items, requiring no eA 
knowledge of mathematics, was constructed for these err 
Wherever possible, common items were used for both the lay an ea 
professional samples. Special clusters were constructed. These foc 


s i hat 
on many of the more important issues, problems and alternatives t je 
were embedded in the pool of professional items. The three lay’ samp 
samples were: 


PR: Principals of schools. A 
official of a school buildi 
ground in teaching may be 
only a few have extensive t 
Presidents of school bo 
governed by an ele 
Tesponsibility is fo 
Stration of the sch 
matics education. 


PT: Presidents of local 
of school 


Principal is the chief admine 
ng. In the United States, their bas 
of any one of several different fiel 5 
echnical background in mathematics. 


ards. Each local school district B 
cted board of citizens whose prima 
r policy, and for overseeing the aoni 
ools. Few have technical expertise in mat 


SB: 


a member of a p 


expertise in mathematics education. 


- the 
September 1978 to March 1979; 


the 

as ‘Tesources’ or ‘goals’. Thus, the items n the 

preference survey did not provide an opportunity to conside gs 

e effect of such other categories as ‘content’ or jenn 

© Tesources’ Used in teaching mathematics. The preferences $ spect 
were for the Curricular alternatives associated with just one 4 
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; e pr )} ppropriate surve. form i 
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aS ane might sk Sin from the cluster associated with methods 
h Ster associated have been compared to a practice favoured in the 

ave been do with content in fractions and decimals. This mi 
Was the mor ne by asking respondents to in Pie ees 
during the ee for attention and inv 
Casible wa 80s. However, this procedure 
from the adie because of the time ta 
1PPropriate eee surveys, and the difficulties in agreeing upon an 
ions, nale for weighting the opinions of different popu- 
-round, survey instru- 
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f possible actions that could be 
uming the resources 
Id be limited. Items 
dent to choose his preference 
and attention to special 
order of priorities in 
on the effects of 
cific to mathe- 
on the relative 


Eve 

Ntuall 

ents rani esis the priorities, or second 
signed in such a way that respond 


desi 
fe Possible eoat as to force the respon 
Core ies of st s, content, methods, resources, 
certe üm B Other items sought an 
taa general ning. A few items sought opinions 
A Sie ENS rather than on problems spe 
Prom of ce They also sought to elicit opinion on ti 
of Ems specifi general problems as compared to the priorities of the 
snes, general ic to mathematics teaching and learning. An example 
or ed of Ss eg is student discipline. Some of the items on the 
Surya tom rities asked individuals to indicate why they assigned top 
ch €y form Priority to a given curricular alternative. The priorities 
dan : ic with questions on how to accomplish curricular 
s tenli questions touched on in-service teacher education, large 
um development projects, and research. 
ities instrumen 
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d — second lowest priority 
e — lowest priority 


Be sure to use each letter only once for the next five items. 


13. Algebra 
14. Probability 
15. Geometry 


16. Computer literacy 
17. Statistics 


ithi cher 
In your opinion, in what order of priority should the following areas within tea 
education be addressed during the 1980s? 

— highest Priority 

second highest priority 

middle-level] priority 

second lowest Priority 

— lowest priority 


aaow 
l 


Be sure to use each letter only once for the next five items. 


42. Mathematics content 

43. Methods for teaching mathematics 
44. Development of teaching materials 
45, Sensitivity to student needs 

46. 


Diagnostic and remediation strategies 


nked 
19. Consider the content area (questions 13 thru 17) above that you ra 
highest (marked with an “a” 


‘ scribes 
n “a”), Of the following five ideas, which best de 
the reason you gave it highest Priority? ther 
in the oth 
a — We have fewer good materials to choose from in this area than in th 
four areas. 


¢ — Itis absolutely crucial that cted 
eloped in this area that are not refle 
present materials, 


— The importance of this area wil] increase during the 1980s. 


~ highest priority 
= Second hi 
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49. 
50. 
51, 


Some Results of the PRISM Surveys 


ded information that would be 
for curriculum change and in 
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ple 1. Problem Solving 


The 

data 
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foe ulations dg surveys provided strong support in each of the nine 

mat; he Sitter aang problem solving. Indeed, in terms of goals 
Ic atics curriculum, or for particular strands in mathe- 


Conran, Prob j 

ha tit n solving ranked first or second in every sample. In this 

Mati Prepared oe to remark that the Task Force of professionals 

impon for the i: NCTM curriculum recommendations for mathe- 

This ant curri 80s elected to feature problem solving as the most 

Fore cision nec area to be emphasized during the comi 

a en prior to the release of PRISM data t i 

hose sur ss, the overwhelming endorsement of this decision 

dom M preparin yeyed served an exceedingly use It meant 

on di or uit the rationale for their choice © 
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them ing thei of their basic theme rather than On expending ies 4 

Com e did ia choice of theme. Secondly, the choice for the = 
Péting toe to be defended extensively against poss! e 


am N 
thar 8 t 
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Str, fac 
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Tms. Questions of scope and sequence al much more 
oa with than in other, more $ andard curricular damain: 
ms po item pool for the problem geo ae 
who/ti six clusters relating tO ., Ta P olem 
/time, and the use of the calculator in te p 


lecti 
Ctively, these items serve the purpos? z 
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i ised 
isticati i ighing the issues rai 
histication of the respondents in weig i s that 
ge heb solving. In general it is evident from their re 4 “diet 
ll tack are thoroughly conversant with heuristics an a emuhiset 
strategies used in problem solving. Indeed, the preferre 


A A was for 
for instruction and content in the problem solving strand 
heuristics or comparable strategies. 


ee about 

To be able to appraise the level of sophistication of mana to 

problem solving is a useful guide to the choice of language tie kind of 
frame the recommendation. It is also a useful pointer to 


F ich are 
» and the approaches can be formulated in terms whi 
nderstanding of teachers. 

Example 2, Probability and Statistics 

Mathematics educator: 
period of several decad 


the Recommendations for Mate i 
1980s do emphasize this Strand of the mathematics cape POE 
PRISM findings suggest that special attention must be given to ercel 
for implementation before teachers, parents, and others will p€ 


: curricu 
the need for probability and statistics, or will accept a 
change with increased emphasis on the topic. 


the 
Jans 


Example 3. Calculators in the classroom 
The use of Calculators į 
troversial. Fo 


T this reason 
ad a cluster of 


x con 
i uite 
n the mathematics classroom is 4 rvey 


ce su 
» Most of the strands in se ge to ie 
items describing curricular alternatives W finding? 
make use of this tool for doi 3 
Tevealed i 


of tea 
a considerable di the views th 
educators a Iscrepancy between ed 


r: 
ervis 
and t en the views of teachers and those of the conside se 
each, educators js ‘o marked that it needs to be " 
Whether th Supervisors 


The NCTM 
PRISM Project: 
Systematic ject: An Attempt to make Curriculum Change more Rational 
ional and 


municate with te 
achers on the i i i : 

serve to warn e issue in an in-service setting. T. i 
associated with eh potential problems af communication 
matics. Possi e extensive use of calculat i 
ates wis D uses of the calculator that were described T s 
the use in tests P is the calculator category included such practices s 
of computation c; use to do homework, the use to check the i 
most universal] and the development of new concepts and skills. The 
results of com she sdedp ss use of the calculator was for checking the 
context of ri — However, the level of acceptability rose in the 
or where use of advanced levels of mathematics, such as trigonometry 
be set. Neverth i calculator would permit more complex problems to 
nature oF ty ess the PRISM findings reveal both the extent and the 

Ucators, communication problems which confront teacher 


Exa 
mp] ; 
e 4. Reading and Mathematics 


Severa] 
particulas aeS clusters of items concerned wit 
ee giving nia contained an item that state 
de earn fee in the particular strand was to enab 
© specified c p read mathematics’. Items appearing in other clusters 
is w to read ts alternatives that emphasized teaching students 
o ing to hee hematics. Interestingly, although teachers indicate that 
remutmed by mathematics is an important goal, the finding is not 
Ources tl ree of the responses to items relating to methods and 
a d eaching Ay instruction. These suggest that teachers do not value 
reading. The discrepan itudes to goals 


e pref L cy between the atti 
erences in practices is pu22 


oe a prob] ling. And the inconsistency may 
pared, em of accommodation when curricular materials have to be 


h goals of instruction for 


d that one of the reasons 
le the students 


Exam 

sina 5. Estimation 

i i 

ie : one as a desirable skill in several o 

cl mation rally, all populations favour practices 

UN in | though supervisors an educators © 

“s ever, Pudiu of these practice 

PRIS damaon of the most commo; 

Dron indi that these place little emphasis upon t r et 

Pro essiona] ngs reveal a discrepancy ween what teachers and other 
e vide, IS advocate and what the tools for instruction 1n the schools 
Velpe neies of this type indicate 4 need for curricular 


f the clusters of 
that emphasize 


d teacher 
s than the 
mmonly u 


change 
nvest resources 
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iori hose 
in order to promote better curricular practices. The Ma a 
sampled showed stronger support for investing in Pa E i 
particularly in the in-service variety, than in any other m with: song 
information provides NCTM, a professional organization, he Nation 
evidence when it approaches government agencies, such as rs ont thie 
Science Foundation, for support for projects designed core oa in 
recommendations. The evidence also serves to guide 


; d their 
developing policies towards support of the recommendations an 
implementation, i 


Example 7. Types of students and their needs he 

F i ve 
The educational system in the United States is designed to geile’ | 
inter f all types of students in elementary and secondary 


j 3 or the 
However, there have been periodic shifts of concern either fi 
talented or for the disadvanta 


this century. The 197 


Example 8. Extremes in curri 


cular practice 
The findings sho 
rnati 


(2 
Pport from anyone. For age. 
a calculator should ae to d° 
teen) who had not learne eople: 
- The proposal was rejected. Lay P 


d 

- teste 
teachers and all other Populations showed a commitment eanne oE 
and familiar alternatives, Recommendations for curricular ¢ of this 
the United States must be implemented with an awareness jn the 
Characteristic Conservatism of the groups who have a stake 
mathematics Curriculum, 
Example 9. Computer literacy 
Each of the sa 


mpute! 
A r 

liter: ples “sponding to items concemed. with n: upo” 
acy showed a commitment to laying greater emphas 
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comps ne ae ge more Rational and 
ae ity of mk pa during the 1980s. It 
use of ult life, be in a ene ts ae stude ro, vil in 
ihe d b en tsar that will make an a ee es 
) a be ae the i nore dramatic 
Sr, ghlights ti ; puter than is n 
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: aie pancies that S 
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i referred. These pees in most school pie A aan 
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twa F ; h in the hai i 
o identify a na for instruction. Thus, the come a 
ed for greater resources than are ate 


alloc 
ated t 
oe i 
ducation in mathematics 


Sum 

The ee mary and Conclusions 

practi SM Proje : 
: riety sme and ais ject was designed to collect information about 
the eff, Populations onen s for curricular change, desired by a 
erve z veness of iy have a responsibility for, or an interest in 
Eion guide the leat mathemati A en The findings have 

ation of NCTM’s own reco i 

mmendations 


ta: Urricul 
t um cha 
n 
ge for mathematics during the 1980s. More impor- 
ber of problems of 


Y, th 
Potenti e PRIS ies 
X : signifi oe have thrown up a num 
ecom i promote NCTM, as it shapes policies, and plans 
Ovide ations. The he acceptance and implementation of its own 
noe Pax Be ik hae gathered by the PRISM Project 
more rational and systematic basis for planning 


Curr 
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cular chan 
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bet ness 
twee Pen 
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of ne 
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s have traditionally examined discrepancies 
However, such 


dig, n 5 
Cre Opinior 
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on what is and what ought to be. 

Jaborated by contrasting 

ith opinions 


Derg, anci 
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av 
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Cie propria 
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inves Ore accur 
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Ig p eeds ey indicate 6 
more precisely the nature of 4 

i ducation. of articular note 


of è bp Or de 
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curricular change could be adapted and used by other groups and 
agencies investing in projects aiming at producing change in the mathe- 
matics curriculum. Although the processes and techniques are expensive 
and time-consuming, the information gathered has the potential of 
decreasing the trauma of future curricular change. New curricula in the 
United States during the past twenty years have had a transitory, 
fleeting impact. Hopefully, the information gleaned by the PRISM 
Project will ensure the design of the Strategies for implementation 
which will ensure more lasting change in the future than in the past — 


change that will consolidate, and build upon the modifications of 
curricular practice. 
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The Evolution of Mathematics 
Curricula in the Arab States 


The 1960s witnessed unprecedented changes in the teaching of mathe- 
matics, with nearly every country of the world introducing a new 
mathematics curriculum. The chapter in this volume by van der Blij, 
Hilding and Weinzweig describes these changes and the forces which 
were in effect. The Arab States were a part of this wordwide movement. 


We must remember that many of the Arab States had, at that time, 
only recently become independent. Hence they had two pressing 
educational problems: the provision of mass education (at least at 
primary level) and the need for high-level manpower to develop their 
countries economically and technically. 


Goals of Education and Mathematics Education 
in the Arab States 


The goals of education in the Arab States are mostly derived, with 
different degrees of emphasis, from three main sources: the Islamic 
Arab culture, modern Arab nationalism and the needs and demands 
of social and economic development. The Arab States have tried, 
Over the last thirty years, to unify, as much as possible, their education 
goals. In this respect, numerous regional conferences have been held. 

he most important of these formed two series: the conferences of the 
Arab Ministers of Education in 1953, 1964, 1968 and 1972; and the 
Conferences of Ministers of Education and Ministers Responsible for 

Conomic Planning in the Arab States in 1960, 1966, 1970 and 1977, 


The thrust of the conferences of the Arab Ministers of Education 
was the promotion of unity and uniformity in the Arab 
Systems. The 1964 conference! approved the constitutio 
Arab League Educational, Cultural and Scientific 
(ALESCO). It also recommended the standardization of 


education 
n of the then 
Organization 
the bases of 


League of Arab States. The first and second conferences of th inis 
à f A e Arab Minister. k 
“ation. Cairo, 1953 and Baghdad, 1964. [In Arabic]. SOF Bat 
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9 2 ved the 
chool curricula in the Arab States. The 1968 parti appie 
s ? x 
icati g al education, technical education an 
unification of goals for gener: A oo : d 
ini 972 conference? focused its atten on on 
teacher training. The 1 r a 
implem i V endations, and define e 
implementation of the previous recommendatio d a h 
framework of a strategy for developing education in the Arab State 


soe i n 
The concerns of the conferences of the Arab jaam o RR 
and Ministers Responsible for Economic Planning were t > p eae 
of economic and social development through education a eee 
heritage of Arab culture and national aspirations. The 19 ies io 
explored the possibilities of co-operation among the ATi neue 
meet their educational development needs. The 1966 a oad the 
discussed the goals of education in the Arab States and emp pis nol 
quality of education. The conference of 1970 reviewed O 
trends and future educational policies relating to the expan ni 
education for economic and social development and the ME 1977 
of the quality of education for developing human resources. T P also 
conference® focused its attention on the achievements made. itet 
considered the development of strategies that aim at providing a 
natives to existing prospects for education development. 
ig 
The goals of mathematics education in the Arab States are se oe 
less similar. The third conference of the Arab Ministers of Education 


s ion 1n 
approved, among other things, the goals of mathematics educatio. 
the Arab States. These goals centred on: 


= attaining arithmetical literac 


‘cal [i and 
y for all, and mathematical literacy 
competence for the majority 


— Preparing students for subsequent Study or professions; and 
— developing desirable habits and favourable attitudes® 


2 League of Arab St 


it 
ion, Kuwait 
ates. The third conference of the Arab ministers of Edt eRLON. 


t 
' inal repor 
ucational, Cultural, and Scientific Organization (ALESCO). a In 
of the fourth conference of the Arab Ministers of Education, Yemen, Sanna, 


Unesco, Final rep 

economic planning in the Arab § le for 
‘ onsible 

Unesco. Final report of the conference of Ministers of Education and those resp’ 

economic Planning in the Arab States, Marrakesh, 1970, 

Unesco. Final re 


ihle for 
nsible fe 
` Port of the conference of Ministers of Education and those respo 
economic Planning in the Arab States, Abu-Dhabi, 1977, 
League of Arab States. The third conference ++. Op cit. hool 
fying SC! 

League of Arab States. Final report of the committee for the study of unifying 
curricula in Arab Ci iro, 1965, Pp. 60-5 [In Arabic] . 
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: In the elementary school (ages 6 to 11 years), the acquisition of 
arithmetical literacy’ involves the mastery of skills and the under- 
standing of the fundamental operations on numbers and fractions. The 
goals also imply the understanding of basic ideas in geometry and of 
tone ta and their application to everyday life. Arithmetical 
l eracy is expected to reach the level of competence in the inter- 
mediate school (ages 12 to 14 years) and to be maintained thereafter. 
Mathematical literacy’ is only aimed at tangentially in the elementary 
ae This is reflected by the two goals of ‘acquiring quantitative 

nking’ and ‘starting to use the logical method of inferences and 
€xpressions’.° ‘Mathematical competence’ is an important goal in the 
intermediate school, and in the secondary school (15 to 17 years). 
for a profession’ is an important 
ons are included here because 
end beyond 


Preparing for subsequent study or 
goal for all three schools. Professi 
compulsory education in most Arab Countries does not ext 


the elementary school. 
The goals of mathematics education include also the development of 
habits and attitudes such as: 


— being accurate and organized; 
— acquiring an interest in mathematics; 
= building self-confidence; and 


— promoting sound moral and social attitudes. 


se goals came almost as soon as 


‘Conference of Ministers of Edu- 


Economic Planning in the Arab 
tion to the need for qualitative 


An opportunity to implement the 
they were formulated. In 1966, the 
See and Ministers Respontible ir 
3 » meeting i ipoli, called atten : 
improvement in geet and requested that emphasis be placed 
Primarily on mathematics and science. Unesco was prepared to respond 
to this request, since, in 1961, Unesco had intensified its programmes 
aimed at stimulating improvements in the teaching of scinpe and 
Mathematics at pre-university level in the developing P NST 

67, the Unesco Mathematics Project for the Arab States ( a ) 
Was launched in order to assist these countries in their own efforts 
to improve the quality of mathematics education so as to produce, 
Urgently, the needed scientists, engineers and technicians, as well as 


mathematically literate’ citizens. 


Ibid, p. 62. 
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The Unesco Mathematics Project for the Arab States 


: y aot 
Three critical decisions were made in the planning stages of the projec 


— the mathematics programme would be new, completely modern and 
based on a total reconstruction of the curriculum; 

— the programme would be for the last three years of secondary edu- 
cation; 

— the implementation would be through an international working 


3 ee 
group, national study groups and a committee composed of math 
matics education from the region. 


Let us examine each of these decisions in more detail. In 1966, mo 
curriculum developers in mathematics felt that it was not on 
update the traditional mathematics programme simply by injec ar 
some modern concepts and treatments. Rather, the key ideas of Sel A 
relations and functions could be used to build a unified mathematic 


$ A s 
programme. An early project document described this approach a 
follows: 


‘Modernization means that the 
a general attitude 
teaching. It proceed 
build up a more un 


teaching of mathematics is based 2H 
quite different from the one in traditiona 
S, using the notions of set theory as a basis, tO 
ified construction, structured by homogeneous 
ideas. Mathematics must be taught by stressing, at the appropriate 
time, the fundame 


» f 
ntal structures that occur in several branches O 
mathematics, both as means and as ends 103 


This view was reite 


tated in the first report of the committees and 
consultants engaged in the project, which stated: 


many countries, and 
modernization of ma 
secondary schools. 
radical departure fr 


om the traditi 
for any improveme 


nt and modernization 211 


: b 
X Unesco, Unesco Pilot Project for the Improvement of Mathematics Teaching in the AT” i 
States, Paris, Unesco, 1966 (WS/1266/101/AVS/DST) Appendix II. 
1 AN b 
d Unesco. School Mathematics in Arab Countries, Unesco Mathematics Project for the Ara 
States. (UMPAS) Paris, Unesco, (SC/WS/201) January, 1969. 
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trate initially on the secondary programme, and especially on the pupils 
of high ability. In the second place, it was known that secondary school 
teachers were far more capable of adjusting to new programmes than 
were elementary school teachers, who frequently had meagre mathe- 
matical training. And, while it was recognized that the retraining of 
secondary school teachers would be a difficult task, it was evident that 
the retraining of a far larger number of elementary school teachers 
would be far more difficult. The project document quoted above, after 
Suggesting an outline of the topics to be included in the mathematics 
programme, goes on to say: 


‘The same programme taken at a slower pace, less deeply and with 
Many applications could very well be the curriculum for all pupils. 
It is possible to arrange a sequence of essentials for the less capable 
or the less prepared, so as to enable them to understand some mathe- 
matics regardless of the stage at which they have ceased their formal 
Study,”!2 


The implementation of the project utilized the following structure: 


~ National Study Groups for the Modernization of Mathematical 
Education; 


= An International Working Group; 
~ The Inter-Arab Commission on Mathematics; 
= Regional Seminars. 


National Study Groups (NSG) were formed in each of the partici- 
Pating countries two years before the pilot project was launched. The 
advantage of having NSGs had been shown from earlier Unesco pilot 
Projects in other regions.!? As their name implies, their function was 
© examine the situation in their country in order to make recommen- 
dations in the International Working Group on the content and the 
8Pproaches which they would like to see implemented. But they were 
intended also to be permanent bodies, responsible for planning and 
™plementing the mathematics reform in their respective countries, and 
Were to Tepresent all segments of the mathematics community in the 
country, Thus, NSGs were established in 1967 in the Sudan, the United 
Arab Republic, Iraq, Jordan, the Syrian Arab Republic and Bahrain 
on by the United ‘Nations Relief and Works Agency for Palestine 

€fugees in the Near East (UNRWA). Unesco provided the NSGs with 
ree €rials from earlier curriculum reform projects. These laid the 
ber ore for the creative task which the regional pilot project 
R — would eventually have to do. 

3 Annex I, p. 2. 


B s r 
1978 “ye V. Innovation in Science Education — World-wide. Paris, The Unesco Press, 
5 P. 
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i ion for 
International Working Group (IWG), designed R ste aca 
ee year, was made up of internationally porn ee as 
Mee iali i ber of Arab ma 
i ther with a num i i teed 
education specialists, toge i i R E 
teaching experience a i ana 
who had had outstanding ab phe Rao 
i irst task of IWG was to org ee 
education levels. The firs i r ; A 
i the detailed sylla i 
i held in 1969, which prepare tai e 
a schools and developed plans for ge and p ee at 
i Af ined guide-lines for an bi 
ks. Their report!* containe ial, 
ona with suggestions on vocabulary, arrangements ee The 
tests exercises and procedures for implementing the st Oe eater 
report also recommended the establishment of an Inter- EN 
mission on Mathematics. The task of this Commission was to er 


: atics 
research and the development of mathematics and of mathem 
education in the region. 


; nt 
Since much of the work of the Unesco project was to se hn 
the recommendations of the IGW seminar, we now list some o ne 
~ The proposed course is intended for students who will aot te 
themselves to scientific sections and scientific careers. It is wate 
each country to select from it, and to decide on the approp 
approach and content for the non-scientific streams; 2 
— Methods of teaching are crucial to the implementation of ge 
Programme. Hence, we expect textbook writers and EOE 
present the materials in the spirit of the programme. In such pi sei 
tation, students are expected to participate actively in developing 
ideas and concepts, 


eae aes from 
moving from intuition to generalization and 
generalization to abstraction; 


> however, wil] not continue their education in a ere 
Hence, applications of mathematics must be an integrated part 
material. 


Ics. The syllabus should include 
a ets, relations functions (or Mappings) 
9 Tel : ber 
b) Algebraic structures and their realizations in the num 
systems; 5: 
c) Geometric structures, transformations, co-ordinates, vectors, 
d) Logic and proof; 
4 


nal Seminar of the Unese 
1969 (SC/WS/227) (The entire Teport w. 
Vol. X: , No. 4 (May 1 


969), associati 
of Education, Cairo, i 1-199, eat 


iro. 

s, Cai 
o Mathematics Project for the Arab S education 
as also printed in Arabic in: Journal a Faculties 
on of the Graduates of the Institutes an 
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e) Probability, and mathematical statistics; 

Elements of analysis, and some topological notions; 
8) Applications, mathematical models. 
The content must include such topics which will be needed to serve 
mathematics and other subjects as well. (Mechanics was considered a 
national option); 


— Applications in both mathematics and other areas of human activity 
Must be considered. Hence, numerical analysis and work with 
approximate values have to be included whenever possible. 


An axiomatic approach must be adopted in order to give secondary 
School students the chance of grasping mathematics as a structure 1n 
which they can see and appreciate the meaning and the role of 
undefined terms, definitions, postulates and theorems, along with the 
need for proper methods of reasoning which help them to derive and 
build on more knowledge. 
In 1969-70, four writing sessions were held: Baghdad and Beirut in 
1969; Amman and Kuwait in 1970. These sessions prepared drafts of 
©XPerimental texts for grades 10 to 12. Unesco printed them in English 
and translated them into Arabic. The grade 10 book was printed in 
0, and trials of the book starting that year in Kuwait, in the Syrian 
Arab Republic and the then United Arab Republic. Trials were 
extended to other countries the next year. Coutries were free to make 
Ae own final revisions, and to produce copies as required. For se 
ist time, all books used the same Arabic mathematical terminology. 


F After the initial writing, the story becomes rather comin 
a Country proceeded in its own manner to revise the textbook an 
Y it out. Some details are provided in a later section. 


In- s 
service Courses, 


Durin P ining seminars were 
8 the initial phase, month-long regional training Ne= 
held (Damascus in Boo Tunis in 1971, Cairo in 1972) to familiarize 


vi Pilot Project teachers with the new textbooks. In each seminar, 
chers from fourteen Arab countries partici 


S by emphasizing topics basic to a mO 
S for secondary schools. 


Un 
€Sco’s . - 
Conve main involvement 


'vening of t k an Ev 

(N hree seminars. 

fers 1970) examined the problems of the exper 

Deora ne that the three 

for ee should be reformed in harmo 
€ secondary schools. At the Unesco 


Matic 


in the project terminated with the 
aluation and Planning Seminar 
imental classes and 
-year intermediate school mathematics 

ny with the new programme 
Regional Seminar on Science 
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Education Improvement (Cairo, 1971), there were five working groups, 


3 DEC 
one for each school science subject. The recommendations 
concerning mathematics were: 


— to start a project for the preparation of mathematics textbooks for 
grades 1—9; 


— to co-ordinate mathematics teaching with other school subjects (in 
particular, the role of applications); and 


— to establish and finance the Inter-Arab Committee on Mathematics 
previously recommended in 1969, 


The Seminar on the Changing Role o 
(Cairo, 1974) gave d 


teachers for primary a 


f the Mathematics Teacher 
etailed recommendations!® on the education O 
nd secondary levels, 


The ALECSO Follow-up 


15 . 
Unesco. Regional Semi ? i i 
ion (SCT/DST/610n seh on in” Education Improvement (Cairo, 1971). Paris 
bo Unesco. The Changin, 
UAR, 29 Sept. ~ 8 Oct. 1974, Paris 
17 ALECSO. Train 


ing Courses 
Cairo, ALECSO, 1975. k 
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‘It is seen that, although the curriculum is well integrated and follows 
a suitable sequence, it is beyond the ability of the average student. 
This is especially the case when we take into consideration the fact 
that education in most Arab countries does not allow for individual 
differences. Every student at the same grade has to take the same 
syllabus at the same level and at the same period of time.’!° 


These criticisms were probably valid, especially as the books were 
aimed primarily at those who would continue their mathematical 
Studies at university level. In reality the ability range of the students 
was much broader. 


Eventually ALECSO decided to revise the Unesco secondary schools 
books. At a meeting in Alexandria in 1976, a three-year course was 
planned, based upon the ALECSO curriculum for the intermediate 
stage. After holding a series of writing workshops, books for grades 
10-12 were published successively in 1977, 1978 and 1979. Further 
meetings were organized by ALECSO in 1978. Authors of the grade 1] 
textbook met in Khartoum to review the preliminary version and to 
plan the contents of the twelfth grade text. In Amman, an evaluation 
Seminar was organized to prepare tests and other possible instruments 
to evaluate student achievement in mathematics in grades 7 to 9. This 
seminar also began planning for an examination system in mathematics 
which would take account of the developments which had occurred in 
the curriculum and in the teaching methods.”° 


The Situation To-day 


Mathematics in the total curriculum 


Compared to other subjects, mathemati 
in the total school curriculum. This is re Í 
of the number of weekly periods allotted to mathematics. In the 


elementary school, mathematics is allotted 15 to 21 per cent tts 
usual thirty teaching periods per week of 40 to 50 = = each. : 
worth noticing that mathematics ranks third (after Ara Dic E cs 
religion) in terms of time allotment. In the neno sc ma e 
Percentage varies between 13 and 17 per cent of the t a to forty 
Weekly periods of 50 to 60 minutes each. And in the secondary school, 
the percentage varies between 16 and 26 per cent of the 30 to 42 


Weekly periods of 55 to 60 minutes each. 


cs is given a substantial weight 
flected in the high percentage 


19 inar for Constructing Means of Measuring 

Abou-Y t’s report on the Seminar for 5 

ihe pees pe E for the Intermediate Stage (Amman, 9 — 18 April 
1978), Paris, Unesco, 1978, (restricted). 


» bia, 
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The weight given to mathematics has not appreciably changed since 


the survey of 1969. Such weight is still comparable to that of other 
developed countries. 


Subject matter 
Elementary school, 


In general, the main changes in mathematical content in the elementary 
school have involved the placement, 


of topics. The mathematical conten $ 


operations and on th 
Second, concepts in non 


: athematics, and the new curriculum 1$ 
ully implemented by 1981, after six years of exper” 
a fairly ‘activity-orientated’ elementary 
: New textbooks were Prepared, and these su 
luated Concurrently, It is expected that th 

> evaluation and revision will be complete 5 
in: 1971s ite geet Updated elementary mather gi 
> Its mplementation was completed by 19 i, 
a revision of their P 

curri eir attempts to uni 
is Hari ie vo Countries, The implementation of the programme 
° 9e completed by Egypt is in the process of revising 


21 
Unesco, 7 
School Mathematics in Arab Countries Op. cit. 
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a ; a3 eg 2 
pe ac) curricula. This involves some additions, some deletions, 
changes in the sequence and placement of topics. 


Intermediate school. 


I A 
al Arab States, the mathematical content of the curriculum of the 
€rmediate school has experienced some changes. Some of the aspects 


O; F 
f the revised programmes are: 
3 a introduction of set language, and of such unifying concepts as 
‘lations, functions or mappings; 


~ 4 more systematic construction of the integers and of the rational 
numbers; and 


~ the use of different approaches to geometry. 


meant cases, the ALECSO Mathematics Proj 
started. School has been the starting point. In othe 
adaptati their own national efforts. In 1974/75, a 
modifi ion of the ALECSO programme on an experimental basis. er 
ed j ication, to fit the Iraqi situation, the programme was implemen- 
revised a schools in 1977-78. Jordan started experimenting with a 
Will b intermediate mathematics programme in 1975. This programme 

e tr fully implemented by 1982. A new programme, incorporating 
ment wr formation approach to geometry, and a systemene Saor 
and at number systems by the extension method, is being imp emente à 
expe: valuated, in Saudi Arabia. Full implentation of this programme 
implema to be completed by 1982. An up-dated programme has been 

e mented in all intermediate schools in the Sudan after three years 

Xperiment, 


ect for the Inter- 
rs, countries have 
Iraq started the 


RY 
econdary school. 


MP 
ma fo has been a significant point of 
Cones êtical content of the secondary SC 


CO-9 


Statistigg, wate approaches to geometry, pTO 


i lu 

> and the language of sets and logic. Calcu 
A aught in the scientific streams of the secondary school. 
anq m Countries have either experimented with the Unesco project 
Currie, er adopted it, or are still adapting it and up-dating their present 
first 2: Jordan Kuwait and the Syrian Arab Republic Sane to the 
c ? 2 s 

Secong CEOry; Iraq, Sudan, Saudi Arabia and Qatar belong to the 
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All in all, the mathematical content of school curricula is becoming 
more and more in line with contemporary trends. 


Methods of teaching 


There is little evidence to indicate that methods of teaching earl 
matics have changed significantly in the last fifteen years. Although a 
revision and reorganization of the subject matter has potentially made 
mathematics more meaningful, the methods of lecturing and of eo 
learning are still dominant. The utilization in the elementary school Q 
‘child-centred activity learning’ and of manipulative materials is the 
exception rather than the rule. However, familiarity with contemporary 
mathematical concepts is on the increase among secondary teachers. 

It has been noted that a si 
the mathematical know 
Short, intensive traini 
before the introductio 
in-service training ha 
systematically the pr 


gnificant effort has been made to upgrade 
ledge of intermediate and secondary teachers- 
ng programmes have been organized, usually 
n of a revised curriculum. However, this ad hoc 
S not developed into institutions to improve 

eparation of teachers in mathematics and = 
pedagogy. It is, however, relevant to mention that universities an 
colleges have in general strengthened their mathematics offerings. 
Textbooks 


There i Plat . 
in tht, hese ad dissatisfaction with the examination syster 
ia ome Arab countries have begun the process 
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see Egypt is one — the aim of the Egyptian project is to move 

will és y towards more objective tests of the total curriculum which 

<i serve both diagnostic and formative purposes?*. Saudi Arabia, 
» 18 currently evaluating its examination system. 


Pr : 
cess of curriculum development 


PAPAS has affected the process of curriculum development in three 
ining First, it provided a successful model of co-operation among 
the rab Countries in curriculum development. Second, it pioneered 

National Study Group. This brought together the expertise and 


e job of writi : . ? 
iting a textbook for imme 6 1 

l provided by the Unesco project led the 1978 Regional Seminar 

a yw culum Reform in the Arab countries to recommend the ni 

the eee on ‘a new strategy for curriculum development, using 


Xperi as 
Perience of modern mathematics’.”” 


An indicati in th 
; ication of th ing role of research in t 
Curricula ; of the growing © entie 
Whi ula is the increasing number of research and development 


ch deal i i ematics curricula. Among 
these are: | exclusively or partly, with math Kuwait, the National 


Ce e: the Curriculum Research Centre in Kuy ) 

Stee for Educational Research in Egypt, the National cane 

of Fauc s Mathematics Education in Iraq, t a PET Re z ey fe 

De ation in the Sudan, the Centre for Educa F 3 

enp opment in Dra AES the Science and Mathematics Education 
€ (SMEC) at the American University of Beirut. 


e development of 


Summary and Comments 


re increasingly being geared 
t within the Arab cultural 
pid expansion of the 
d in a flow of 


Eq 

Ucatj 

ow dona goals in the Arab countries @ 

her ge Social and economic developmen 

educatio 2d the national aspirations. The rapid e7 
Onal systems in the Arab States has res 

jectsand achievements of the National 


YPt. Nati 
Centre pttional Centre fi tional Research. Proj á 
3 jii for Educational Ae h in 1975-1976. Cairo, 1977. [In Arabie] 
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iliti . This presents new 

SSID Ia BOE calorie ant pia ae des che policy 
EN A E d compulsory education beyond th 
of most Arab countries is to extend co p A AE ae 
elementary school. However, the pedagogica ri raa a ee 
high percentages of repetitions and of drop-ou s. speed d 

i rtant subject of the curriculum, which serves z 
A E of the country. The content of ethos 
matics in the Arab countries has evolved considerably in the sath ae 
years in response to contemporary trends. The teaching ms : Be , Tha 
the training of teachers, have not kept up with the ae ail 2 
examination system has not evolved with the curriculum. hemaii 
major influence, and to it the content and the methods of ma e AE 
are geared. The process of curriculum development is ETE 
and more experimentally oriented, with a wider participation o onal 
maticians, teachers and students. The growing number of educa 
research and development centres is evidence of this trend. 


ill be 
In the closing paragraphs, which follow, a few problems will 
identified, and comments wil 


; : d 
l be made on possible new directions an 
trends. 


, ics into 
There is a need to translate the goals of teaching mathematics 1 
Operationally-defined objecti 


ves. If mathematics is to contribute “4 
‘tural development’, for example, relevant objectives have to be ne 
These should be Prescribed for the levels concerned, including, 
course, the level of the classroom. 


It is rele 
ments of goals of teaching math 


the mathematical content has in 


Reforming the content of school mathematics does not guarant¢ 
any reform of school ma i 


A te 
vant to mention here that thp n 
ematics have not changed, even th 
many cases been overhauled. 


i e way of providing the neede' 
teacher preparation į ics at 
desired, In most Arab countries, the reform of school mathemati edu- 
the elementary level (which represents the largest base for their ¢¢ 
cational Systems) is sı 
with limited resourc 
large numbers of 
Starting any long term o 
of elementary teachers, Other Arab countries face the problem 
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es and com 
inad 
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ae bss Tetaining qualified individuals in the _mathematics 
are of pee gale The ad hoc, single shot intensive training sessions 
of makin unpace if institutions are not established for this purpose 
E seer r eachers life-long students of mathematics and pedagogy’. 
to be en E more time and effort need to be invested if teachers are 
teachin 3 led to change their established practices and patterns of 
mate ehaviour. The remark made in the report on school mathe- 
saying > the Arab countries is still relevant and valid: ‘It goes without 
erms g = the greatest facility that is hoped to be achieved by using 
w wine as sets, functions, operation, relations, etc. is of no value 
Method ties if these very subjects are approached by the traditional 
examinati relying solely on memorization.’ Dissatisfaction with the 
Miche ot system is prevalent among school teachers, university 
Prese S, students and the community at large. Efforts to reform 

nt systems have to be accelerated and extended if curriculum 


reform ; 
m is to have any lasting impact. 


@) ‘ 
ment of 1 mibe impact of UMPAS is its co 
Curricula i curriculum development process. DE e e A 
Countries ne that of mathematics 1S gaining A a 
Tange of ; Owever, ‘experimenting’, as it 1s applied, inv 
Interpretations. They range from informal visits to classes over 


Short pear 

On, Period of time wi i ‘ring informal comments to a 
ft e offering in Leni 

one e trols and valid instru- 


Ments 


ntribution to the improve- 
Experimenting with other 


È $ made or mes of faul r 
aa ARA institutionalize experiment 


as ve to be made to establish and to ins ) ; 
Proper B0ing eee ae ae a valid theoretical basis and with 
i > in-built controls. 

challen Mathematics curriculum in the Arab States has pig me 
in boas Posed by the new types of schools that are ek 
Scho e Arab countries. Egypt is experimenting with the nee has 
have st and with the polytechnic school. Several other Ara “with the 
Integ, 4 similar experiments. The Sudan is experimenting 


3 i elementar 
“choo “ted Rural Education Centre’, which is a new type of eler y 


$ edu i viding also informal 
dult ¿Scared towards rural education and Ne a 


Orga, ducati l ; 
Zani ation. New mathematics curricula > nae ks the goals of 


t Zati 
hese p lon and approach have to be develope 


e 
W types of school. 


a 
Un 
esco, g, 
“Sch ; A 9. 
tool Mathematics in Arab Countries. OP- cit, p-8 
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Goals of the M i i 

: ; athemat 

n S Aia ie atics Curriculum 
tended, Implemented and Realized 


Introducti on 


In examini 
is era goals of the mathematics curriculum of any jurisdiction 
O36. cor] o bear in mind that the implications of and the meaning 
ctive of s may, in large measure, be dependent upon the 
of the observer. It may be the case that the goals will be 

lum developers and 


by students than 


Perspe 


€rstoo . ; 

neken quite different ways by curricu 

Y either te rs than by teachers, and differently again 
achers or curriculum developers. 


The 
Pressing oc to be aware of this divergence of points of view is a 
are to sero If discussions and comparisons of mathematics curricula 
t. It E meaning, or lasting impact, they must be founded in 
the mat er Id be inappropriate to reach conclusions about the goals of 
link hoe curriculum solely, or even mainly, on the basis of what 
ntrary, st elieves or hopes the reality of the situation to be. On the 
and ¢ ass; eps must be taken to discover what the situation 1n schools 
Tooms actually is. 


The 
“Ne mS of the mathematics curriculum may 
oals a e a levels: intended, implemented and realized. The ‘intended’ 
the t hose promulgated by curriculum developers. They are set out 
BUides Chers” editions of textbooks, and are listed in curriculum 
ay © ‘implemented’ goals are the goals of the curriculum as they 


Su 

Pinay “tStood and implemented by teachers in their classrooms. 

demonst, he ‘realized’ goals are those attained by the students, as 

Mastery ated by their performance on tests designed to measure 
Of the ‘intended’ goals. 


he irn 
ee cuinistry of Education of the Province of British Columbia 
recent revision of the mathe- 


Matige “Mada 
cs » embarked upon its most 
p 12 in the early 1970s, and the 


be considered at any 


cu 

TOcess p, ulum for Grades 1 through : | 
inaine Continued over several years. The purpose of this paper is to 
ende] Ne goals of that revised curriculum at the three levels: as 

d its Curriculum Revision 


Co 
"mittee. the Ministry of Education an 1 
; as implemented by teachers of mathematics throughout the 
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province; and as realized by their students. It is hoped that aes 
exposition will serve to emphasize the importance of looking at ea 3 
which affect the teaching and learning of mathematics, not fr 
subjective perspective, but from a more nearly objective one. 


In order to establish a context for the discussion which siete 
brief outline of the education system in British Columbia and 0 ea 
mathematics curriculum is given below. This is followed by z 
examination of the goals of that mathematics curriculum from si 
three perspectives mentioned earlier. Data obtained from two “ae 
projects! , undertaken recently by the author on behalf of the Ministry 


; s 
of Education, will be used to illustrate the current status of those goal 
as ‘intended’, as ‘implemented’, and as ‘realized’. 


The Education System in British Columbia 


British Columbia, 
complete autonom 
Over the years, t 
evolved separatel 


like each of the other provinces in Canada, has 
y over educational matters within its boundaries. 
he education systems of the several provinces have 
y along more or less parallel lines. Although ws 
systems are similar in any respects, they do differ in some significan 
ways as well. There is, for example, no unanimity among the provinces 
on such diverse matters as the age of initial entry into school, m 
number of years of schooling required to complete secondary schoo! 
leaving Tequirements, the existence of centralized systems of examin- 
ations and the Provision of financial support to independent schools, 
Moreover, each Province determines its own curricula in all subjec h 
there is no nation-wide body with a mandate to co-ordinate such 
developments. Each province acts virtually independently of the others 
insofar as educational matters are concerned. 
The B.C. school 


system consists of kindergarten, and Grades ; 

through 12. Students enter Grade 1 at the age of six. Kindergarten 
classes for 5-year olds, and Grades 1 through 7, are housed in ar 
tary schools. Grades 8 through 12 are housed in secondary sehon 
Attendance at school is compulsory for all children under the age of Lo; 
At present, students a 
year up to and includin 
culum guide issued by 
Grade 11 are expected 


Te required to take a mathematics course ia 
g Grade 10?, According to the official or 
the Ministry of Education, all students be ee 
to follow the same basic curriculum in mat 

1 


j à Test 
noii Projects, the B.C, Mathematics Assessment and the Mathematics Achiever: irish 
Canta funded under contract by the Ministry of Education, Province © 

ia. 


A decisi y 2 
€cision to amend this to include Grade 11 also was recently announced. 
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Matics. No special courses or programmes for exceptional students, 
gifted or otherwise, have been officially defined. 


Although there is in B.C. no formal, centralized system of examin- 
ations to evaluate the achievement of individual students, the Ministry 
of Education does collect data on student achievement. The Learning 
Assessment Branch each year conducts an assessment of student 
achievement in one or two areas of the curriculum. The major function 
Q these assessments is to provide information to administrators, 
curriculum developers, teacher educators, researchers, teachers, and the 
Public at large about the degree to which the goals of education in 

Ose subject areas are being attained. Results are published for the 
Province as a whole. No individual student, class or school results are 
made public, 


Durin f mathematics was 

& the 1976-77 school year, an assessment of mal 

conducted, All students in Grades 4, 8 and 12 took achievement Sol 

«structed Specially for the study. In addition, approximately a 
“chers of mathematics in Grades 1, 3, 5, 7, 8, 10 and 12 complete 


eg questionnaires dealing with instructional practices and the 
‘of the mathematics curriculum. 


In 197 ics Achievement Tests 
i i tics Achiever 
M4 8, a series of tests entitled Mathema earning Assessment 


B T) was constructed under the auspices of the Ls 
och for use mainly by teachers of mathematics 1m Ce a 
ach item on these tests reflected an objective taken 


Provi,.: e 

ee Curriculum guide for mathematics, ee eee 
e athematic : 

the achie to be used by teachers at their discretion to 


vement of their students. 


l The Intended Goals 
n i i the- 
eg Preliminary draft of the revised curriculum ae ai a 
mathe, Or Grades 1—3 and 7-8, the need for a major ean 

matics Curriculum was described in the following : oe 

: , ar 

in ne the late 1950’s and through the 1960's pan et 

resul, ands of pure mathematicians. Ithough rool oes 
of E rom such reform, there has developed Sta e TE 
Math sm gorous approach "for a large segment vibe into account 
the chudtics Programmes are being developed to 

anging needs of the students.’ 


ivisi 7-8. (Preliminary 
drap, ON of ! primari: Years 1-3, Years 7-8. 
aft fop i Instructional Services. Mathematics: Printo Education, 1972, p. 2. 


Ormation), Victoria (B.C.), Department 0 
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The revised curriculum was founded on the assumption that, n 
Grades 1—10, all students should follow the same basic poe mee BS 
mathematics. No ‘streams’ or ‘tracks’, based upon the students mat ie 
matical abilities, were defined; for each grade a list of content Opp hes 
was given. Teachers were encouraged to use their discretion in an 
preting the precise meaning of these objectives, and in implemen i f 
them. They were also advised to consider these lists of objectives a 
being prescriptive, but not exhaustive.4 


The curriculum guide included a statement of the major cognitive 


goals of the revised curriculum. Their intention was to enable the 
student: 


— to identify and to use the basic 


properties and operations of the real 
number system, 


— to identify common goemetric figures, and to demonstrate a know- 
ledge of their basic properties; 
— to transform given numerical 


and algebraic expressions into 
equivalent algebraic expressions; 


— to solve open sentences of various types and of degrees of complexity, 


— to apply knowledge of mathematics to familiar physical or environ- 
mental situations in order to constr 


uct a descriptive mathematical 
model of the situation, or to solve a problem arising from the 
situation.5 


of Post-secondary ed 
experience. About 75 


l ye. 
Curriculum Development Branch. Mathematics Curriculum Guide: Years One to Twel 
Victoria (B.C), Ministry of Education, 1978, page 6. 

5 : 

Ibid., p. 6. 
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Post-secondary level. Over 85 per cent have had professional training in 
the teaching of mathematics. The typical teacher of secondary mathe- 
matics has had slightly more than five years of post-secondary 
education. About 65 per cent had mathematics as one of their major 
areas of study as undergraduate students, and 80 per cent have had 
Professional training in methods of teaching mathematics. 


A In one section of the questionnaire, teachers were asked to rate the 
Importance of a number of content objectives selected from the list 
Contained in the curriculum guide for their particular grade. Across all 
grades, about 90 per cent of the objectives were rated positively; in 
Other Words, few were seen as being unimportant. All of the objectives 
relating to the acquisition of computational skills were considered to 
te Important by all groups of teachers. On the other hand, the 
ay objectives were consistently ranked in the bottom third of 
© list of objectives for each grade. 


opeachers were also asked to rate the importance of certain curricular 
aa for students completing secondary school. Among the 7 
and „25 MOst important were those concerning computational skills, 
ae ability of students to apply their knowledge of mathematics in 
a cn areas, including that of Consumer Mathematics. These results 
es in line with the spirit of the revised curriculum as expressed in the 
Curriculum guide, 


P aa secondary teachers were asked to rate the amin Pa 
mber of objectives for students completing elementary school, tey 


c h y g 
“ha Out strongly in favour of emphasizing computational skills. ie 

'standing the emphasis upon geometry in the curriculum guide, 
fac P p thematics judged 


hers of dary ma 
geo both elementary and secondary tories th 
heo y e be considerably less important than most other top 
ulum. 


Whil rescribe the 
, the curriculum guide does not attempt He oven elle 


Met : 
a my dology to be used in the teaching of mathematics, ann 
exam eT of suggestions and recommendations on ae id Be eae 
‘freed. * teachers are reminded that their students sho ee 
Stooq n to explore’ and that ‘before any mathematics is through 
Which . “TE must be a wealth of manipulative ye. Pye eer 
textb “Oncepts and applications are understood. Regar : a meta Ae 
le? it is Strongly emphasized that no tage fe ahea liez 
m7 Strument for meeting the objectives O 
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There is no evidence from the data supplied by the questionnaire 
to indicate that teachers in British Columbia, particularly at the 
secondary school level, have changed their teaching approaches and 
adopted such practices as discovery teaching, individualized instruction, 
use of activity centres or projects to any significant degree. Moreover, 


only a small proportion of respondents indicated that they made any 
substantial use of audio 


showed that the mos 
mathematics classroom 
on textbook exercise 
Regarding the use of t 


the curriculum guide has for several years contained a statement to the 
effect that the metri 


t c system should gradually supplant the Imperial 
system, with the metri 
response to an item on the questionnaire, the majority of teachers 
stated that they did n 


r ot adhere to this directive, but continued to use 
both systems in their teaching. 


le also recommends the use of hand-held calcul- 
in Imaginative ways to reinforce learning and to 


-« +. 8 OF those teachers who agreed that cal- 
culators should be used in mathematics 


Curriculum Development Branch., op. cit., p. 29. 
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Additional evidence of the existence of discrepancies between the 
‘intended’ and the ‘implemented’ goals was obtained in connection with 
the MAT Project. As part of the pilot-testing of test items for that 
Project, teachers were asked to examine sets of items from the item 
pool for their grade level and to indicate whether or not they had 
taught the content involved in each of those items to their students. 
Since each item had been designed to test student attainment of an 
Objective from the prescribed curriculum, it was not unreasonable to 
expect that teachers would indicate that they had done so. 


For certain objectives this was certainly not the case. At the Grade 
10 level, for example, the curriculum guide includes a brief unit on the 
topic of vectors, Over 60 per cent of the teachers stated that they did 
Not teach that content. Similarly, over 50 per cent indicated that they 

id not teach that part of the unit on Consumer Mathematics which 
dealt with the topic of compound interest. As a matter of fact, a sig- 
nificant Proportion of the Grade 10 teachers indicated that they taught 
me little of either the Consumer Mathematics unit or of the geometry 

it. 


Similar discrepancies were found at the Grade 3 and Grade 7 levels, 
ar ae fis Pilot-testing of items was also carried out. Over 30 per cent 
of the Grade 3 teachers said that they did not teach topics in measure- 
lo such as the metric units of mass, volume or capacity. ee did | 
Sha topics in geometry such as the classification of cee os 
te es and lines of symmetry. Over 25 per cent said that they di : 

ich students to round off numbers to the nearest ten or hundred. 
ten yParable numbers of Grade 7 teachers indicated that they did one 

eh Some of the prescribed geometry content and graphing ama 
unite 20 per cent said that they did not teach several of the me 
Pap Measurement prescribed in the curriculum guide. 


The Realized Goals 


Bot ; ‘ 
data ‘ha Mathematics Assessment and the MAT npl rea 
Of t On student attainment of the goals of the omnu a eA 
Plete i athematics Assessment indicate that students a ese ie 
biectj rade 3 perform satisfactorily on items dealing wi PA ee 
e tives Of the curriculum. Particular weaknesses were gored y 
the ‘gy” items dealing with students’ knowledge and ones segs 
Whic} units of Measurement and with rounding numbe a Laos 
in Ww p many teachers apparently do not cover in their teaching. = 
basic Ich Student performance was strongest included ee = = 
bility S Of addition and subtraction, computational sxuls an 


Interpret bar graphs. 
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Students who had completed Grade 7 did relatively Spel hi ae 
dealing with rational number concepts, geometry and oe ea 
The strongest performances at this level were recorded oni 6 en 
with computational skills and knowledge of terminology an n nfs did 
As in the case of Grade 3, it was not surprising to find that stu A os 
poorly on those items on topics which many teachers indicat ed a 
had not considered in their classes. By the same token, i is “a 
doubtedly true that those areas in which the achievement at s : = 
highest were among those given the greatest degree of emphasi 
teachers. 

The truth of these remarks is 
obtained in the pilot-testin 
for the MAT Project. In th 
taught by the majority of 
The mean percentage cor 
dealt with compound in 
dealing with vectors, it 


perhaps best illustrated by the coe 
g of the 300 items in the Grade 10 item poo 
e case of those objectives which had not been 
teachers, many of the results were quite ane 
rect for the seventeen items in the pool whic 
terest was 33.6 per cent; for the five items 

was 35.2 per cent. Only one objective had A 
lower mean percentage correct, 29.4 per cent; this concerned the top! 
of geometrical constru 


e 
ctions. The mean percentage correct for th 
entire pool of 300 items was 51.1 per cent. 


Nine of the seventeen com 
correct of less than 25 per ci 
an item is shown below, with 


. r 
‘What will be the compound interest on $1000 at the rate of 7 pe 
cent compounded semi 


-annually for 7 years? 
(Use the table at the end of the booklet.)’ 
a. $1618.70 


b. $ 618.70 
c. $1605.80 
d. $ 605.80 i 
S 
Only 14 per cent of the students selected the correct response. “eee 
40 per cent chose response C; approximately 25 per cent omitte 
item entirely, 


e 
pound interest items had a mean pee 3 
ent, the ‘chance’ level. An example of s 
the correct response underlined. 


On the other hand 
10 curriculum which 
eight items in th 


an 
ree content strands at this level (algebra, somaa are 
Consumer Mathematics), these results seem to indicate that teache 
emphasizing the 
especially consumer Mathematics, 
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Conclusion 


A comparative analysis and discussion of the goals of mathematics 
education internationally is most appropriate at this time, when 
pressures for change in those goals and in the curriculum which 
emanates from them are being exerted. There has been a fairly high 
degree of disillusionment with, and movement away from, many of the 
excesses associated with the so-called ‘new mathematics’, which charac- 
terized the mathematics curriculum in many parts of the world for 
more than a decade. In its place, there is now underway, in many areas, 
a comparable movement toward increased emphasis on basic skills, 
minimal competencies and ensuring that students are exposed to the 
mathematics they will need in order to enter the world of work. Mathe- 
matics curricula must, of necessity, reflect these changing views of the 
nature, role and importance of mathematics in school programmes. 


The ‘intended’ goals of the mathematics curriculum in British 
Columbia, as stated in the official curriculum guide, do reflect the 
influence of such views. They are in many respects similar to the goals 
and objectives of the mathematics curricula in the other provinces of 


Canada, and, for that matter, to analogous statements of goals from 
Other countries such as the United States of America. One of the 
so assumptions which underpins the ‘intended’ goals of the B.C. 
i dhematics curriculum is that all students, up to and including those 
Grade 10, should follow the same basic programme in mathematics, 


a ia j 
nd that one of the major components of that programme should be 


the st tha ; 
of te Y of the applications of mathematics in the day-to-day world 


Consumer., 


It is evi ; ʻi ed’ goals 
£ ,)°Yident that there are discrepancies between the ‘intended’ g 


4 g mathematics curriculum of British Columbia and the 


imple ) 
ang mented’ or the ‘realized’ goals. Data obtained from on ieee 

. Udents indica : a lack of adequate communi- 
Cation gr -S Indicate that there has been eecaraeos ASTE 


10) 
been 0. those goals, and that, as a result, the ne Bn 
n imp] ; l > iculum Revision 
mented igi by the Curric 

Committee ented as originally planned by 


It j 
è ithi : out the reasons 
for this Within the scope of this paper to speculate ab 


j ? goals, the ‘imple- 
Menteg ack of congruence between the intended’ go 


and Sie caer : is it the purpose of this paper 
et onet: Neither for special investigation. On 


Sing] 
the , © out the case iti bia f 
of British Columbi Sp! Ha 
as 4 Ontrary, it is hoped that the example of British Columbia can serve 
Situat se in point for others to consider in examining their own 
the p ONS. The conclusion to be drawn from the B.C. ME a ate ara 
Classa $ Of the math : ‘culum, as they are put into effect in 
ematics curriculum, f PRAE 
Cant coms by teachers and attained by students, may ditfer in signifi- 
Ways from the goals as codified in curriculum guides. Moreover, 
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any examination of curricular goals which fails to address the posib E 
existence of such discrepancies between the goals as intended and the 


goals as implemented or realized will be incomplete because of that 
omission. 
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Report of a Meeting on the 
Goals of Mathematics Education ' 


purine. the week ending 23 May, 1980, there assembled in Paris, at ` 
: nesco’s invitation, a group of twelve representatives of Member States, 
ogether with three observers, representative of the International Com- 
mission on Mathematical Instruction, the World Confederation of 
Organizations of the Teaching Profession and of the International 
Baccalauréat. Their purpose was to look afresh at the goals for mathe- 
matics education in the aftermath of the curricular upheavals of the 
sixties, the growth of informatics, computer science, calculators, data 
processing, etc., and the spread of mathematical usage into what 
formerly were called the ‘descriptive disciplines’, particularly the social 
sciences. 

rt, the participants had available to 
which constitute the other chapters 
d also with a paper, entitled ‘Some 
ed by the agenda 


By way of inspiration and suppo 
them the specially prepared papers 
of this volume. They were provide 
questions for discussion’. This paper had been prompt 
for the Meeting. 

The work of the Meeting was conducted partly in plenary session 
and partly in working groups, of which there were three in number. The 
findings of the Meeting follow. The wording used for all subsequent 
headings, below each of which the participants’ conclusions are set out, 
1S, in fact, the wording used to frame the agenda of the Meeting. 


Mathematical Goals within the Context of 
General Education 


The Use of Mathematics in Daily Life 

Mathematics, today, permeates the whole of society, and its role would 

Frc to be one of ever increasing importance as its help is sought in 
andling situations and problems which arise outside the field of 


eeting of Experts on Goals for Mathematics Education; 


Summary of a report of the Unesco M I 
f Society (Paris, 19-23 May 1980). 


Mathematics Teaching and the Needs o 
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mathematics itself. Mathematical methods are no longer the erm aed 
of scientists, engineers and technologists. They are moresnet i 
used to analyse individual behaviour and to study attitudes an ` a 
in opinion within society as a whole. These developments serve e 
increase the demand for mathematical skills — skills in quantifica R 
in mathematical modelling, in simulation and in algorithmic toenn uen 
Hence mathematics may be seen as an integral part of man’s oulei 
social, economic and technological environment, not only in its curren 
form, but also in those other forms which will certainly develop as a 
consequence of the widespread capability of fast calculation. 


Such considerations have im 
mathematical education. To im 
example, the ‘four rules’ in dec: 
it ever was. The mathematics e 
in the form of the str 
27.62 and 13.81’. 
spoken language (or 
actions between indi 


portant consequences for the goals of 
part the skills necessary to perform for 
imals is no longer adequate — if, indeed, 
ncountered in daily life does not ee 
aightforward command of the textbook. RAC 
Mathematics appears, rather, in the context A 
written), in physical situations, and in many trans 
viduals which characterize social life. 


One is to identify iate 
of irrelevant information. The other is to find the appropria 
tecnhique for solving ‘the pro 


mathematics, unfortunately, gives little training in solving these me 
broad problems. In the first 

class, is immediately apparen 
the open, like a windmill to t 
would be regarded as ‘unfair’. 
class ‘problems’ when they ha 
le, the technique of 


ilt at. Indeed, to present it otherwise 
Secondly, it is conventional to ou as, 
ve mastered a particular teran S o 
‘solving simultaneous equations in i 
. The techniques required to solve school problems pe 
: e inferred from the routine work which preceded 
exercise on ‘problems’, 
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It is no wonder, therefore, that many people in the course of their 
daily lives, find it difficult to: 
— sense a situation where mathematical methods are applicable; 
— associate ‘a problem’ of some kind with a mathematical ‘model’ of 
the problem; or 


— recognize the gain in efficiency of thought and effort which comes 
from thinking about the problem in mathematical terms. 


Evidence is accumulating which suggests that classrooms, as we know 
them, do not offer the most suitable milieu for training in problem 
solving. Children need to be placed in the denser thickets of situations 
where their mathematical equipment has to be used to cut a way into 
the open. This type of teaching takes time. However, experience has 
shown that after a year or so of learning in this way, children do begin 
to think mathematically and do begin to appreciate the advantages of 
possessing some simple mathematical equipment. There is some 
evidence also that this type of teaching helps to promote enjoyment of 
mathematics and to remove the fear which has, in the past, led many 
people to turn away, physically and psychologically, from applying 
mathematics to situations which crop up in daily life. 


The Applications of Mathematics 


rvade the environment, and every 


Applicatio thematics pe 
i yie Bice . atics in three broad 


individual will encounter the use of mathem 
contexts: 


~ in the context of his private life; 
— in the context of his working life; and 
— in the wider context of the social, economic an 


country of which he is a citizen. 
i i i i ‘get by’ in life. 
Some basic mathematical skills are needed simply to ‘ge 
Others are needed and used at one’s place of work. The scope of these, 
Obviously, depends upon the job. Some i call a ap sae 
mat i i can be immensely demanding. n he wi er 
aoi and political life, an intelligent 


context of a person's social, economi Jy possible unless a 
aPprecjatj i ei ; | n parcer, ar i aii i : 
i of i OE ath NA An 
athena, "E1 of mathematical HEY nie an open-minded, 
Critic a insights help the indivi ual to ai s of the community 
em and participant in the pie 
n. 


d political life of the 


wide 


bro, set a 
Sado. e the imp}; vation of these three 
d cont s cynplications for mathematical education of these 

use? 
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The Meeting agreed that there is no fundamental epg genie 

the nature of the ie Ce aileen 
lace of work, or for o serving 1 > 

eel sa the social, economic and political life of the R 
and of the nation. In all three contexts, the individual an lane: 
non-mathematical situations of varying complexity. In all suc si FERE 
the mathematics involved is neither uniquely determined nor VI ii 
from the outset. No ready-made amalgam of mathematical Mare th 
concepts or skills will suffice to cover the whole variety of oe oe 
which can occur in the three contexts described above, or in tl aes 
tinuing changes of these over time. On the other hand, no renee 
can be properly appreciated, weighed up, judged or unravelled wl me 
the skills and insights needed to cope with the mathematical c 
ponents of the situation. 


Such conside 
matical topic is important in itself, Th 


. s 
defining curricula only in terms of topics, ia 
and skills. The Meeting believed that mathematical curricula shou 
be defined in te 


; A nd 
rms of situations to be appraised, judged, analysed, a 
determined, in confo 


3 . as 

ingredients can be observed from wio a 
an activity with social, historical philosophical and ideological relati 
ships and characteristics. 


In particular, 
mathematics edu 


Ls 


A r. or 
the Meeting made three specific recommendations f 
Cation as follows: 


l 
Although it is believed that, in the long term, secondary os 
Curricula ought to be reorganized to include situations to 
everyday life and from other fields of study, it is necesa g 
think in terms of progressive steps which are feasible, hav! 
regard to con 


isting 
temporary school structures and to the exi 
162 


Report of a Meeting on the Goals of Mathematics Education 


human and material resources that are available. Hence, as a 
first step, part of secondary school time should be allotted to 
project work involving an integration of the sciences and 
mathematics. 

Such a change in the goals of mathematics education will ultimately 
call for changes in existing methods of evaluating the performance of 
students. This need not prove an obstacle to curricular developments 
taking place in the directions recommended. There is a body of 
experience of assessing essays and compositions on the basis of the 
approach adopted, the reasoning, the clarity of presentation and the 
elegance of the wording. In the same way, examinations could be set 
where an open, complex, non-mathematical problem could be solved 
at different levels of sophistication using varying levels of mathematics. 
The Meeting therefore recommended that examinations include open- 
ended problems which should be evaluated according to the approach 
and adequacy of the solution. It was further agreed that research was 
called for into the design and the assessment of open-ended problems. 


The Contribution of Mathematics to Developing the Personality 


It is possible to teach mathematics in ways that are conducive to the 
personal development of attitudes, skills and powers of appreciation. 


The particular personal attitudes which can be engendered are: 
— those of self respect; Wa 
— those of self-reliance, including a willingness to take responsibilities; 
— those which are conducive to self-discipline; 
— those of consideration for and ability to co-operate with others; 
— those of patience, particularly in the pursuit of the solution of a 
problem. 
The particular skills which can be inculcated are those: 


— of observation; 

— of interpretation; 

= of communication. 

And the powers of appreciation which may be nurtured are those: 
— of the beauty and elegance of some mathematical proofs; 


~ of the relationship of mathematics to life. 


Mathematics can also help to bring out the natural creativity of the 
child, providing him with the opportunity to use this creativity in the 
discovery of abstract concepts that are new to him. It can also make an 
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important contribution to the development of the personality of i 
learner by offering him a language that precisely expresses even 4 
most abstract ideas. In its use of graphical representation, it can impar 


the power to convey highly complex information in a clear and concise 
way. 


Among the cognitive abilities that can be developed, mention must 
be made of: 


— spatial perceptions, and the appreciation of the properties of con- 
figurations in two or three dimensions; 


— numerical understanding; 


— ideas of measurement and of its approximate nature, giving rise to 
the concept of continuity; 
— the representation of nu 


mbers in graphical form and by drawing to 
scale, as, for example, in 


maps, charts, plans, etc. 
The proper learnin 

child’s powers of cre 

solving problems. 


g of mathematics will arouse and develop the 
ativity. It will often lead him into new ways O 


previously made mathematical outcome has to 
be reinterpreted in a manner which is consistent with the situation 
Which is being considered. As Polya has pointed out, when facing 4 
problem, the learner learns to ask pertinent questions. Other important 
factors in Problem-solving are the exploration of all the possibilities 
and inspired guessing. Both should be actively encouraged in teaching. 


learner makes use of mathematical symbols to represent the measurable 
quantities that exist in re 


: „reality. Real relationships can then be cape 
Fe athematical relationships, These mathematical relationships 3 i 
ceils to mathematical Manipulation, in the course of a 
ie eae, not be found. Once a problem is ee eck 
a e le i ity to inter 
the results, amer returns again to reality 


ay or may 
symbols, th 


BY =k, S=kt?, l pig 1 
v u f i 
ete. provide simple examples of mathematical ‘models’. 
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i The contributions of mathematics to intellectual development 
include a fostering of the growth of abilities such as the ability to 
explore, to search for information, to make decisions, to abstract, to 
generalize, to analyse, to synthesize and to classify. As for the contri- 
bution of mathematics to human achievement, this is evident every- 
where, in all civilizations and in all cultures. 


Pedagogical factors to be considered in determining goals 


There would appear to be strong evidence to support the view that 
older children are often at odds with their teachers about what they are 
expected to learn. There are many instances in which a secondary 
school pupil, knowing the type of work he is going to do after leaving 
school, fails to see the relevance of the mathematics syllabus to his 
future needs. In such cases, an effort should be made by the teacher to 
recognize this and to find relevant appreciations of mathematics to the 
pupils chosen career. On the other hand, the validity of obtaining 
qualifications must be recognized as a necessary reason for the treat- 
ment of certain topics, since the real world is a place where examin- 
ations are held and the pupil should be prepared to undergo them. 
Syllabuses cannot, of course, cater for every different type of job which 
the students will go into. It would, however, be helpful when syllabuses 
are being drawn up to incorporate examples of the mathematics used in 


a variety of the commoner vocations. 

A deeper knowledge, on the part of the curriculum planners, of the 
community life surrounding the school would also have a positive 
effect on the contribution of school mathematics to the enrichment of 
personal life. In particular, curriculum planners and the teachers should 
take account of any community action programmes. They should look 
into these with a mathematical eye in order to identify the specific 
ater for the mathematical skills needed. 


p ble ¢ Fh 

p -airg Warnet noae (o Mee eemeartance of good 
teat short-tenn needs ofthe a 0 sa He NT HRN 
and yt onder fo make mathematios WEM al creativity i 


i A e ia 
= ei en Beans challenges 1l will permit him to 


Ple 
diffe, © derives also from using mathematical knowledge in many 
ch ae in and out of school: sometimes when e pr 
x gen wPlications to physics and to other subjects, etc tig 

alizat ome to realize that mathematics is useful, aen i 
Ling $ Induced by parents, teachers and society 1n general. 

Ui 

Two ‘ nsiderations in Determining Goals 


Tent gi i i he 
Nt situations arise in considering language in relation tas 
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teaching of mathematics: first, when the teaching is done in the esi 
tongue; second, when the teaching Is given a second (or nee 
language. The traditional way of starting is to teach how to poate a 
how to write numbers, associating numbers often with ee a 
of paper, or, less often, with actual objects. Later the skills m on 
in adding, subtracting, multiplying and dividing numbers are au, fe 
Such teaching is almost invariably dissociated completely from 
natural world of the child, where, in practice, the numbers a 
embedded in the words used by the community to which the oe 

belongs. The consequence of this is that the child does not Oe e 
numbers with life around him. And teaching is done without regard or 
the natural way in which children use numbers in their own lives. n 
traditional way of teaching is encouraged by the textbooks which trea 

numbers in a manner which is unnatural to the child and in a way that 
does not fit the children’s experiences of numbers in real life. Teachers 
tend to keep closely to textbooks. So, they do not usually talk about 


numbers or measures in a way which is familiar to the child in his out- 
of-school experience, 


in Kiswahili, the hours of the i ix o’ 


but ‘the total’ is required: ‘How m 
It is used for ‘and then’ 


eters. It is used in relation to growth, 10 


replace the words with t 


In this Tespect, chemist like 
mathematics teachers. They will spell out the name of substances lik 
carbon dioxide for a | 


Teachers who have t 
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difficulty in presenting mathematics in a natural context, relating 
numbers, for example, to the measurement of time and weight and to 
money and so forth. They have to be acutely aware of the linguistic 
difficulties of their pupils. They need to be extremely careful to avoid 
using words and structures of sentences which are unfamiliar to the 
children. Such teachers need linguistic guidance as well as help in the 
teaching of the subject. In second language situations, it is important 
both to build mathematical language into the language lesson and, 
conversely, to teach language in the mathematics lesson. Textbooks 
influence the teacher strongly. 


Developing countries have particular textbook problems. Sometimes 
they adopt a book written for another country, with particularly 
unfortunate results. Sometimes they adapt a book of another country. 
This removes some but not all of the difficulties. What they need most 
of all is to be encouraged to develop their own capacity for producing 
textbooks. The group noted that some countries develop their textbooks 
for primary education, using a team approach and involving experts in 
language and in teaching as well as in the subject itself. A recent 
conference held in Accra recommended that mathematics should be 
taught to young children in the vernacular. The implementation of such 
a recommendation would imply an enormous effort in local textbook 
development. 


The Mathematics Syllabus as a Reflection of How Children Learn 


The Meeting found Margaret Brown’s paper (pages 23-40) very helpful 
in contemplating this topic. It would seem necessary to create among 
teachers a better awareness of the presence of different levels of under- 
Standing of all mathematical concepts. Participants believed that it 
would assist teachers if they had available to them tests which would 
help them to measure the various levels of learning reached by 
individual children. This suggests a need for further research of the kind 
described in Margaret Brown’s paper. Mathematics traditionally has 
been regarded as a sequential subject. The findings of research would 
seem to qualify this long-held belief. Some concepts are sequential, 
others are not. As with life, variety is the spice of mathematical 
experience. This suggests a spiral approach to syllabus building. 


Definition and Evaluation of Goals and Translation 
of Goals into School Curriculum 


Strategies for Determining National Goals 


The curriculum should reflect what the people of a nation think, fee] 
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an 

believe and do. Therefore dae aes ape eae. 
i ide range of social, politi 

oe ee may best be conceived as ERDE ee 
professional educators and other concerned groups in ny ee 
promote cultural synthesis. In a fundamental sense, curricula cable 
ment at a regional or a community level should represent a oy A ; 
mixture of social, political and pedagogical goals, realized ae a 
parallel process of curricular development. So, in what tol ow H e 
processes of goal determination and of curricular development y her 
discussed in terms of an educational authority, irrespective of whe 


; i i e same 
the endeavour is a national, regional or a local one, since the 
processes apply. 


For purposes of discussion, 


r b f 
it is possible to identify two types O 
decisions which have to be mad 


e by schools: 


` he 
— the first type are those decisions which concern the structure of t 
school and its functioni 


: e 
ng, other than those factors which a 
specific to mathematics (they will reflect the administrative ER 
of the school, the length of the school day, the language requirem 
etc.); 


— the second type are thos 
the school and its functio: 
teaching and learning (t 
tional materials for ma 
mathematics, evaluation 


decisions which concern the structure of 
ning but which are endemic to mathema ne 
hey will reflect teaching methods, aman 
thematics, the training of the teachers 


materials for mathematics, etc.). 
This division helps t 


, e - x isions 
o identify the relationship between the decisio 
which affect mathe 


matics and those which affect the rest of a 
school’s work. Decisions of the second type, which cone ut 
mathematics teaching and learning, should seldom be made Roane 
regard to the first type, since most decisions are an interactive CO 
bination of effects, 


j- 
it is to be noted that ra ware 
n impact on, and require t Parl 

o 
, easy and open on 
hange on students’ learning, 


k ‘thin an 
teachers” teaching indeed, on the entire community, within 


without the school 


] 
It should also be noted that if curricular development is left s 
to the judgement of the professionals in mathematics saue an 
decisions may ignore other segments in the community direct Ei t 
dramatically affected. Curricular development processes pout 
deliberately employ means and methods that involve information 4 


and, 


168 


Report of a Meeting on the Goals of Mathematics Education 


the child, about schooling and about the role of mathematics. This 
information must be derived from sources beyond the professionals 
in mathematics education, since the decisions which are made have the 
potential of powerfully influencing what lies beyond mathematics in 
the schools. 


That said, the processes involved in the determination of goals, in 
curriculum development and implementation, and in the evaluation of 
the curriculum are best done if a central group is made responsible. For 
Purposes of discussion, this group may be called the Curriculum 
Development and Implementation group (CDI). An advisory group to 
the CDI should provide the judgements and wisdom on policy and 
Processes which the CDI may require. The relationships between the 
CDI, the advisory group and the teachers of mathematics in the system 
may be illustrated as follows: 


A 


Mathematics Curriculum 
Advisory Group 


Information Policy and process 
{recommendations 


Mathematics Curriculum 
Development and Implemen- 


tation Group (CDI) 
+ b 
Support Fafovbation In-service 
Services Training 


Teachers of Mathematics 


Goal Determination 


hits various groups that have an interest in the perfomance of the 
3 Ools should be involved in the identification and formulation of the 
Statement of curricular goals of the school mathematics programme. 


z Singe the educational task is one of building for the future of the 
ntire society, every sub-group of the society has a responsibility to 
Sik shang in the identification of goals. Some groups that must be 
eas ved in the determination of goals are the teachers, the parents, the 
8 €nts, mathematicians, the employers, the employee organizations 

cators and the political authorities. i 
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Involving the various groups in the process of determining goals ma 
yield conflict. Some groups may be very conservative, wanting r 
schools to keep on doing just what they have always done in the past. 
Others may be committed to the schools’ serving purposes unlike n 
respected in the past. CDI must realize that some conflict is to a 
expected and it must be willing to guide the resolution of such conflic ; 
An important by-product of the process of reaching a consensus is tha 
the process serves to educate members of widely different groups in the 


community about the nature of the school and the problems associated 
with education. 


Goals cannot be identified 
informed judgement based up 
status collected from a varie 


in vacuo. The process is one of making an 

on factual information about the current 

ty of sources. Among these sources are: 

— School reports (i.e. performance data concerning pupils, enrolment 
data, cost figures, curricular documents, etc.); 

— Statements of national Purposes and goals; 

— Economic and demo 
by the schools; 

— Employment data and forecasts. 
CDI should provide informati 


group in a form which can be T 
that information can b 


graphic characteristics of the population served 


on on the current status to the advisory 
eadily interpreted. CDI must recognize 
e expensive to collect. It should, where possible, 

information, rather than collect it directly- 
Furthermore, CDI must 


exercise judgement on how much information 
the advisory group will need, 


The process of identifying goals should take into account opinions 
on ‘what-ought-to-be’ collected from a variety of sources. The sources 
should include teachers, parents, mathematicians, employers: 
employees, political authorities, educators and students. Although 


and, if resources are limited 
methods of coll 


Samples or aski 
required. 


» Should then use more information 
> such as interviewing opreson 
ng the groups concerned to collect the informatio 


Goals should be formulated in terms of the needs of the individual 
and the needs of societ 


ENAREN Y- Questions that should be considered i” 
identifying goals are: 
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— Do the products of the mathematics programme have the basic 
literacy in mathematics to deal with the everyday use of mathematics? 


— Does the mathematics programme provide learning experiences of 
sufficient breadth and depth to allow those students who so desire 
to continue their studies in science, mathematics and other fields? 


— Do the products of the mathematics programme have the under- 
Standing and the skills requisite to functioning in and contributing 
to important vocational and economic sectors of the society? 


CDI should formulate questions bearing on the unique circumstances 
of member schools for the Advisory Group to consider when 
deliberating about goals. The closer the questions are to the character- 
istics of society community, the more useful will be the wisdom of the 
Advisory Group. Statements on goals should specify the curricular 
actions that can be done. The process of identifying goals is of little 
value, or use, if the resulting statements are as general as: ‘The teachers 
Shall do a better job of teaching mathematics’. This statement is faulty 
because it contains no indication of the type of actions that need to be 
taken by CDI. Although it is universally true, and no one would 
disagree with the intent, it is not specifically related to any current 
status information, nor to any opinion on ‘what-ought-to-be’, nor to 
any discrepancy between these two. 


In order to sharpen and refine statements on goals to a usable, 
do-able form, it is suggested that the responsibility for preparing state- 
ments on goals should not be exclusively that of the Advisory Group, 
but Should, at the least by shared by CDI. 


Translating Goals into Objectives and then into Curriculum 


CDI is responsible for transforming statements on goals into specific 
Objectives, for instructional materials (including texts) and for teaching 
methods. The objectives, the instructional materials and the teaching 
methods are inter-related, and they should be mutually compatible. 
CDI may elect to have the goodness of fit between the statements on 
goals and the resulting objectives, instructional materials and teaching 
methods verified by independent experts in mathematics and in 
Pedagogy, 


The process of transformation should progress through three distinct 
Phases — planning, piloting and diffusing. 


The Planning phase is crucial to the success of the process of trans- 
Ormation. Curricular goals are typically of a broader, more general 
Character than are statements of objectives. Objectives are small, more 
Specific requirements, around which planning is organized. Objectives 
Should be examined to see whether they require (and they may not): 
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— New instructional equipment; 

— New textual materials; 

— Different teaching methods; 

— Changes in evaluation procedures; 


— Modifications of other factors in the school programme or changes 
in other discipline areas. 


If the objectives require one or more of these changes or modifi- 
cations, specific planning should identify what is to be done, by whom 
it is to be done, the resources needed, and by when it should be done. 
If the planning is specific to the objectives, a sense is felt of progress 
being made toward achieving the goals and to evaluating the process. 


Careful planning should be sufficiently comprehensive to provide 
advance warning of other actions that need to be taken. For example, 
a set of new curricular materials may require a modification in teaching 
methods. If so, an in-service programme may be required. If this is the 
case, planning should include identifying the in-service leader, arranging 
the time, place and procedures for in-service education and an evaluation 
of the in-service activities. Another element of careful planning in such 
a case would be the modification of pre-service professional training SO 


that new teachers need not immediately be required to participate in 
In-service training in the use of the new materials. 


The pilot phase is critical since it decreases the risk of subsequent 
modification. The lessons learned during the pilot phase of curriculum 


change can make for success in implementation. If in the pilot phase @ 
change is found to be ineffective in meeting a curricular goal, modifi- 
cation is much less expensive 


$ than if all the teachers and students are 
involved. The evaluation of the pilot stage must be a measure of the 
success of the programme in meeting the curricular goals. Evaluation 
of the pilot stage will indicate whether or not the programme change 
should be implemented by all teachers in all schools. It will also 
indicate whether modification and another pilot experiment is needed. 


The pilot testing of new curricular materials or methods often onal 
= effect on teachers and pupils of excitement and interest, simp y 
ecause the experience is new, different or distinctive. These attitudes 


can contribute to the students’ ? i nd doing 
better than THERE be s and teachers’ working harder a 


i xpected in the more normal, regular sch0°, 
s ‘ , 
P inflated performance, often called ‘the Hawthorne effect 
pilot Picton of evaluation, must be allowed for in evaluating ; 3 
e ; : : 
diffusion » Since it may need to be compensated for in planning 
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For each of the phases — planning, piloting, and diffusing — it is 
necessary to take into account the impact upon the pupils, the teachers, 
the school and classroom environment, and, indeed the impact and 
implications for the entire school programme including the other disci- 
Pines taught in school. 


CDI should at all times remember that it has a major and primary 
role in making certain that curricular change works. The magnitude of 
the task means that CDI must be willing to find and use expertise from 
a wide variety of sources at many points in meeting this responsibility. 
And they must be willing to delegate responsibility to other profes- 
sionals including teachers. 


Evaluation 


Evaluation is the collection and use of information. Whatever is done 
will be of appreciably better quality if appropriate information is used 
to guide the decisions involved. Thus, evaluation is not reserved for the 
final stages of the process of change nor is it limited to the evaluation 
of pupil performance. The fitting of the goals to national needs must be 
evaluated. The planning stage should be examined to determine 
whether it is sufficiently comprehensive and realistic. The piloting must 
be considered in terms of its potential for revealing such key elements 
as will need attention for subsequent diffusion and for the success of 
the innovation in meeting goals. The diffusion process needs to be 
evaluated in terms of its efficiency and cost. These, and other factors, 
must be accounted for if the evaluation is to be thorough and useful. 
The evaluation procedures are most easily accomplished if the 
pbjectives are well-stated. 


_The process of identifying curricular goals, previously described, may 
Yield goals of many different types and varieties. Some may involve 
Curricular modifications that can be evaluated simply by giving a test at 
the end of a new unit. Others may be more complex and may take a 
much longer period of time to evaluate. For example, if the goal is ‘to 
Produce individuals able to function more effectively in using mathe- 
Matics in farming’, then the process of evaluation cannot be completed 
until the products of the school are out on the job. In short, written 
achievement tests do not necessarily provide all the evaluative infor- 
mation, In particular, it is unwise to rely upon those achievement tests 
which are suitable for decisions on university entrance to provide 
information on those facets of the curriculum which were designed for 
Other purposes. The evaluation procedures must fit the goals of the 


Programme, Some important goals are not observable or measurable 
in the short term, 
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Identification of Problems Requiring Further Action 


In the light of its findings, the Meeting concluded its work with an 
identification of those general problems which appeared to warrant 
further action by Unesco or by Member States or both. It was generally 
agreed that the most urgent problem was that of teacher education, 
both pre-service and in-service. In this context, the needs of primary 
teachers were paramount, though, clearly the effectiveness of secondary 


teachers is crucial to the supply of students to the primary teacher 
training colleges. 


Bearing in mind the need to make mathematics in school more 
reflective of its role in the real world, the Meeting believed it was 
necessary to make studies of the part played by mathematics in the life 
of the community and in society generally. Such studies would generate 


examples of mathematics in action which could be used to enrich 
curriculum, 


The need for teachers generally to appreciate the fact that there are 
different levels of understanding of mathematical concepts points to 
the desirability of undertaking further research of a similar kind (des- 
cribed by Brown) in different countries of the world. 

The role of lan 
children understand the words used 


opinion that much mo. 
interactions between | 
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